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Abstract

An uncoupled Computational Fhfid Dynamics Direct Simulation Monte Carlo

(CFD DSMC) technique is developed and applied to provide solutions for continuum

jets interacting with rarefied external flows. The technique is based on a correlation

of the appropriate Bird breakdown parameter for defining a surface within which the

continuum solution is unaffected by the external flow-jet interaction. This surface is

then used to uncouple the continuum CFD solution from the non-contimmm DSMC

solution to obtain a solution for the entire flow field including the interaction region.

The technique is applied to two problems to assess and demonstrate its validity: one of

a jet interaction in the transitional-rarefied flow regime and the other in the moderately

rarefied regime.

The correlation is obtained by analyzing the structure of various Bird breakdown

surfaces for a range of jet to free stream conditions, and the results show that the

appropriate Bird breakdown surface for uncoupling the continuum and non-continuum

solutions is a function of a non-dimensional parameter relating the momentum flux and

collisionality between the two interacting flows. The correlation is exploited for the

simulation of a jet interaction modeled for an experimental condition in the transitional

rarefied flow regime and the validity of the correlation is demonstrated. This is the first

time such a correlation has been obtained for defining a Bird breakdown parameter

appropriate to a continuum jet with a rarefied flow.
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Theuncoupledtechniqueisalsoappliedto anaerobrakingflight conditionfor the

Mars GlobalSurveyorspacecraftwith attitude control systemjet interaction. Aerody-

namicyawingmomentcoefficientsfor caseswithout andwith jet interactionat various

angles-of-attackwerepredicted,andresultsfromthe presentmethodcomparewellwith

valuespublishedpreviously.Theflow field andsurfacepropertiesareanalyzedin some

detail to describethe mectlanismby whichthejet interactionaffectstheaerodynamics.
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Preface
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The present research effort was initiated at the NASA Langley Research Cen-

ter Aerothermodynamics Branch because there was a need to better understand and

predict the effects of reaction control system jets on vehicle aerodynamics in tile rar-

efied flow regime, where tile flow field surrounding the vehicle contains both continuum

and non-continuum fluid. The effect of reaction control system jet interaction is not

well understood in the rarefied flow regime and may have an unanticipated influence

on vehicle aerodynamics. Typically, these effects are obtained from conventional wind-

tunnel-derived empirical relationships, and large variances are allowed in the vehicle

flight control laws that use the relationships to account for tile uncertainty. However,

with emerging computational tools and techniques, such as massively parallel, multi-

processor computers and direct simulation Monte Carlo method computer codes written

to take advantage of tile nmlti-processor capability, problems, which were previously too

large to simulate numerically, can now be solved routinely. To this end, the methodology

developed during the course of this study can be applied to numerically predict effects

of a reaction control system on vehicle aerodynamics in the rarefied flow regime for up-

coming aerospace vehicles such as the reusable launch vehicle (RLV) and the Puture-X.





Chapter 1

Literature Review of Jet Interaction Flows

1.1 Challenge of a Jet Interacting with Rarefied Flow

A critical design concern for vehicles that pass through tile rarefied regime of an

atmosphere, either during a deorbit or to accomplish an orbital aerobrakc maneuver, is

vehicle stability and control. In this less dense portion of an atmosphere where density

changes rapidly with altitude, common vehicle aerodynamic control surfaces such as

elevons, wing and body flaps, and rudders, etc. are not effective. When these surfaces

are deflected, generated forces are small and generally not large enough to adequately

produce stable flight control. Active flight control in the rarefied regime is obtained

using a reaction control system (RCS). The RCS is an arrangement of jet thrusters

placed strategically about the vehicle surface offset from the center of gravity, which

produces forces that generate moments and control vehicle roll, pitch, and yaw. Because

the RCS jets issue from the vehicle surface as a continuum plume, it is important in the

vehicle design to understand the effect of the interacting continuum jet with the locally

changing rarefied flow field on vehicle aerodynamics.

For example, a_ the Shuttle Orbiter leaves orbit for an atmospheric entry, the RCS

is initially the only vehicle control mechanism. After passing through the free molecular

regime during entry, the Shuttle Orbiter enters the rarefied flight regime. The number

density of the free stream increases with decreasing altitude, and the RCS jets begin to
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interactwith tile local flow. The RCSprovidesvehiclecontrolfor the ShuttleOrbiter

throughthe transitionfrom therarefiedto thecontinuumregimeuntil tile aerodynamic

controlsurfacesbecomeeffectivetrim devices.Roll controljets areoperateddownto a

flight dynamicpressureof 480Pa,andpitchcontroljets to a dynamicpressureof 960Pa

(Kanipe[41]). However, the aft yaw RCS jets are required for trim from entry interface

with the atmosphere down to flight speeds of about, Mach number one (Kanipe [41] and

Roinere et al. [67]).

Early experience with the Shuttle Orbiter showed that the RCS jet interaction

scaling parameters from conventional wind tunnel tests marginally predicted h:_personic

aerodynamic flight characteristics in the rarefied and near rarefied continuum regimes

(For example, see Kanipe and Roberts [42], Kanipe [41], Romere et al. [67], and Scal-

lion [74].). During the first Shuttle Orbiter entry, discrepancies between flight and pre-

dicted vehicle aerodynamics were observed from the rarefied down to the continuum

regime at about Mach number 10. Pitching moment ba_ed on body flap deflection was

not predicted correctly (Throckmorton [83]), and induced rolling moment from ah RCS

yaw jet interaction was over predicted (Kanipe and Roberts [42], Romere et al. [67],

Allbgre et al: [3]; and Scallion [74]). The. aerodynamic predictions for the Shuttle Or-

biter were based on Mach 10 wind tunnel experiments and extrapolated to higher flight

Mach numbers using scaling parameters (Kanipe and Roberts [42] and Kanipe [41]).

Rarefaction and high-temperature effects during high Mach number flight are different

from those in tim wind tunnel, which may lead to an incorrect simulation (All_gre et

al. [3]). Scallion [74] suggests the most probable cause of the discrepancy between wind

tunnel and flight RCS interaction effects is not including vehicle wake correlations in the
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scalingparameterdefinition. Althoughdiscrepanciesexistedbetweenpredictionsand

flight, the uncertaintyboundaryof theflight controlsystemduring the ShuttleOrbiter

first flights was wide enough to compensate for the differences (Kanipe [41] and Romere

et al. [67]).

The National Aeronautics and Space Administration (NASA) Shuttle Orbiter has

been operational for almost two decades using technologies developed nearly thirty years

ago. Laws of the vehicle flight control system are empirically based, obtained first by

extrapolated wind tmmel scaling parameters, then modified as flight operational data

became available. NASA has proven by the success of the program that aerodynamic

control of the Shuttle Orbiter can be maintained during descent from orbit. The gross

effect of the RCS jet interaction on vehicle control is known through flight experience,

but local flow field and surface effects caused by the interaction are not well understood

(Scallion [74]). By understanding better the effects of RCS jet interactions, especially in

the rarefied high-speed flight regime, the uncertainty in force and moment predictions

will be reduced, thus increasing flight control efficiency (Romere et al. [67]).

In an effort to ensure reliable and affordable future access to space for the nation,

NASA is developing new technologies for a next generation single-stage-to-orbit (SSTO)

reusable launch vehicle (RLV) (Throckmorton [83] and Goldin [32]). The RLV is planned

to complement and eventually replace the current Shuttle Orbiter space transportation

system. Because the RLV will operate in a flight regime similar to that of the Shuttle

Orbiter, it will clearly need an RCS during orbital maneuvers and atmospheric entry

at thc end of a mission. The effects of the RCS jet interaction on the Shuttle Orbiter

aerodynamic characteristics is well known by experience throughout the flight profile;
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however,theseeffectsareconfigurationspecific,andtile extensivedatabaseisnot appli-

cableto othervehicleclasses(Scallion[74]). Therefore,studiesof the RCSinteraction

effectsapplicableto the RLVconfigurationshouldbeundertaken.Of interestareRCS

interactionsduringentry throughtherarefied,near-rarefied,andcontinuumflowregimes

wherescalinglawsfromconventionalwindtunnelswill needto be refinedusingresults

from numericalstudiesto provideanadequateflight aerodynamicdatabase.

Muchinternationalinteresthasrecentlybeengeneratedin definingeffectsof RCS

interactionsfor plannedspacevehiclesenteringthe Earth'satmosphereafter orbit. The

H-II Orbiting Plane(HOPE),an unmannedJapanesereusablespacetransportationve-

hicle,wasdesignedto useRCSfor controlduring its transit throughtherarefiedregime

afterdeorbit (Yamamoto[96]andNagaiet al. [54]).Flight teststo verifycomputational

fluid dynamics(CFD) andexperimentalscalingparametershavebeenaccomplishedon

theJapaneseHypersonicFlight Experiment(HYFLEX) (WatanabeandTakaki[91]and

Watanabeet al. [90]).Analysisof flight data from HYFLEX wasplannedto aid in the

developmentof HOPE (Watanabeet al. [90]).TheEuropeanSpaceAgency(ESA)also

hadan interestin definingtheeffectsof RCSinteractionsfor their HERMESspacevehi-

cle.PSrtner[61]reviewedtheShuttleOrbiterRCSscalingparametersusedfor predicting

aerodynamicflight performance,maderecommendationsfor HERMESRCSwindtunnel

tests(PSrtner[61]),andtestedtheHERMES1.0configurationin theGermanDLR V2G

hypersonicvacuumtunnel to assessRCSinteractioneffectson the thruster leadingedge

(PSrtner[62]). Althoughthe HOPE (Zallender[40])and the HERMESprogramshave

beencut or scaledbacksignificantly,earlyRCSinteractionstudiesshowthe importance

placedon anRCSinteractiondatabasefor thesevehicles.
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Anotherclassof w_hicles,planetaryprobessuchastheMagellanandMarsGlobal

Surveyor(MGS),usedRCSin a rarefiedatmosphereduringthe activelycontrolledaer-

obrakingphaseof their missions;for example,seeRault [63],Rault et al. [65],Shaneet

al. [76],andShane[77].A planetaryexplorationprogramhasbeenestablishedand the.

MGS is thefirst spacecraftof a seriesof orbitersand landersof theMarsSurveyorPro-

gram (NASA[55]and Goldin [32]). A pair of spacecraftis plannedto besent,to Mars

every twenty-sixmonthsfor the next five years. The next surveyormissionsare the

MarsSurveyor1998andtheMarsSurveyor2001;theMarsSurveyor1998waslaunched

December11,1998and is presentlyin the cruisepha_seof the missionto Mars. Both

the MGSand MarsSurveyor1998areactivelycontrolledby RCSduring aerobraking

maneuversto correctanyanomalyin the vehicletrajectorywhilecircularizingthe orbit

aboutMars.

Rault [63]studiedan activelycontrolledaerobrakingmaneuverof the Magellan

spacecraftin theatmosphereof Venususingthe directsimulationMonteCarlo(DSMC)

method.After theprimarysurfacemappingmissionobjectivesweremet,interestfocused

onobtaininghigherresolutionatmosphericplanetarymeasurements,whichrequiredthe

spacecraftto beplacedinto a lowerVenusorbit. Rault [63]useda DSMC molecular

simulationto analyzeaerodynamiccharacteristicsof Magellanduring flight throughthe

rarefiedatmosphere.Foroneof thefinalexperimentsof Magellanin 1993,the Windmill

Experiment,RCSwasusedto offsettorqueinducedby thesolarpanelspinwheelingwhile

the spacecrafttraveledaboutthe lowerorbit. Onegoalof theexperimentwasto obtain

an indirect measurementof solarpanelandvehiclesurfacemomentumaccommodation

in the Venusatmosphere(Rault et al. [65]). Largediscrepanciesexistedbetweenflight
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dataandaerodynamicmomentspredictedby a freemolecularanalysis.Applicationof

the DSMC by Rault et al. [65],in whichthe RCSjets weremodeledas a sourceflow

from tile vehiclesurface,showedbetter agreementwith theflight data. Themuchhigher

densityRCSjet plumesinteractedwith the freestreamand shadowedthe solarpanels

and a portion of the spacecraftfrom the lowerdensityincomingflow, thus affecting

vehicleaerodynamicloads.

TheDSMCtechniquewasalsoappliedbyRault et al. [65]to predictaerodynamics

of tile MGS from RCSinteractionduringMarsorbital aerobrakingmaneuvers.A jet

flow model,similar to the one usedfor the MagellanDSMC study,was incorporated

to includethe RCSjets in the simulation. The study showedthat an effectivethrust

reversalwill occuron the MGSbecauseofjet interactioneffectswhenthe RCSis fired

duringorbital periapsis,an unexpectedresult. The RCSjets for both of the planetary

studieswassimulatedasan inflowof moleculesinto the DSMCcomputationaldomain

fromdiscretelocationson thespacecraftsurface.Shaneet al. [76]haveappliedthesame

techniqueto analyzetheaerodynamiceffectsof an unlockedandout-of-alignmentMGS

solarpanelduring the RCSburn phaseof the aerobrakingmaneuverwith the Martian

atmosphere.Thestudyprovidesdetailsof theextentof thrust reversalasa functionof

orbital altitude (that is, freestreamnumberdensity). Although specificaerodynamic

characteristicsofplanetaryaerobrakingin therarefiedregimeduringanRCSjet firingfor

MagellanandMGShavebeenstudied(Rault[63],Raultet al. [65],andShaneet al. [76]),

moreinvestigationswill be necessaryto quantify aerobrakingvehicleaerodynamicsfor

filture planetarymissionsbecauseinteractioneffectsfrom RCSjets in the rarefiedflow

regimeareconfigurationspecific.
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Definingtheeffectsof RCSinteractionsin tile rarefiedflight regimeposesunique

challengesfor the vehicledesignand aerodynamiccontrol. ExtensiveRCS interaction

wind tunnel testswereperformedfor the ShuttleOrbiterdesignbecausenumericaltech-

niqueswereat that time consideredunreliable.Experimentalscalingparameterswere

derivedfrom wind tunnel test resultsandextrapolatedto flight asvehiclecontrollaws.

As confidencein numericaltechniqueshasgrown,adifferentapproachhasevolvedto de-

fine theeffectsof RCSinteractions.Themethodproposedandbegunby theJapaneseto

definetheeffectsof RCSinteractionsfor the HOPEspacevehiclewasto developscaling

parametersbasedon a mix of computational fluid dynamics (CFD) simulations and wind

tunnel and flight experiments. Recent studies of the RCS interacting flow field for plan-

etary probes during actively controlled aerobraking maneuvers have been performed as

molecular simulations using the DSMC technique. Results from the DSMC RCS studies

for tile Magellan and MGS missions have provided physical insight into the flow physics

of rarefied jet interactions, in particular, tile high density jet plume shadowing tlle free

stream and causing a thrust reversal in the rarefied flight regime.

1.2 Jet Interactions in Various Flow Regimes

Described in Section 1.1 are specific examples of vehicles that encounter jet in-

teractions with rarefied free stream. Presented in this section is a brief overview of jet

interactions with non-rarefied frec stream conditions and some recent generic experimen-

tal and computational jet interactions with rarefied free stream flow.

Interacting jet flows have many practical engineering applications, which extend

from hypersonic near free molecular interactions to low speed continuum fi'ee stream flow
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interactions.A reviewof currentlyavailablemethods,whichcan be applied to study jet

interactions, shows that traditionally, wind tunnel experiments have defined the physi-

cal aspects of a given problem. Recently, however, with the arrival of supercomputers

and advanced computational techniques, jet interactions are being explored numerically.

Both numerical and experimental techniques have strengths and weaknesses: Computa-

tional studies can provide a solution of all relevant properties over an entire domain of

interest, whereas, an experiment provides only those properties that can be physically

measured or inferred from measurements. Computational techniques do suffer grid res-

olution, convergence, and other problems, which are topics of current research efforts.

However, the combination of both experimental and computational techniques applied

to a given jet interaction study provides much greater understanding of fundamental

flow physics than either technique can provide independently.

1.2.1 Free Molecular Flow Regime

The weakest jet interaction with the free stream occurs in the free molecular flow

regime. Jet thrusters of an RCS are used for vehicle control during maneuvers such as

orbital adjustments, docking, moon landing, and manned extravehicular activities (EVA)

(Dettleff [19]). Generally, jet interactions with the free streaIn flow are negligible on orbit

because the space surrounding the vehicle has very few molecules with which the high

density RCS jet flow can interact. The RCS jet expands freely in this regime and provides

thrust for vehicle control. Dcttleff [19] has extensively reviewed jet plume flow for space

technology applications. Although jet interactions with the free stream are not a concern,

defining plume impingement effects on surrounding vehicle structural components is
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important. Mass,momentum,and energyare transferredfrom the jet plume to the

surroundingvehiclestructureandcausecontamination,undesiredforces,andstructural

heating.Thethoroughreviewofplumeimpingementby Dettleff[19]includesdiscussions

of theeffectsofjet exit Reynoldsmnnber,jet plumespecificheatratio, angleandsource

distanceof theplumesurfaceimpingement,multiplejets interacting,andcorrelationsof

theseeffectsderivedfrom vacuumtunnelexperiments.

Recently,Lumpkinet al. [47]and Rault [64]studiedplumeimpingementfrom

ShuttleOrbiter RCSduringdockingmaneuverswith the Russianspacestation Mir to

ensurejet plumeimpingementpressureand heat loads(lid not damagethe Mir solar

panelsor causeattitude controlproblems.Prior to this type of numericalstudy,plume

impingementeffectswouldbequantifiedby engineeringcodesmakinguseof corrections

suchasthosepresentedby Dettleff [19];however,the ShuttleOrbiterdockingmaneuver

with theMir wassimulatedbya combinedCFD-DSMCapproachto provideanindepen-

dentassessmentof pressureandheatloads.TheCFD solutiontechniquewasappliedto

theexpandingplumeflow in the immediatevicinity outsideof theRCSnozzleexit, and

a continuumbreakdownboundary,the Birdbreakdownsurface(Bird [11]),wasobtained

from theCFD solutionof the expanding plume. A breakdown surface defined the outer

extent of the RCS plume continuum flow region where the Navier Stokes equations are

applicable. Flow properties from the CFD solution at the breakdown surface location

were then used as an inflow boundary for a molecular simulation applied by the DSMC

technique. This uncoupled CFD DSMC approach of Lumpkin et al. [47] and Rault [64]

provided high fidelity estimates for pressure and heat loads on the Mir space station

from close proximity Shuttle Orbiter RCS engine firing during do(king maneuvers.
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Tile Germans(SeeRosenhauseret al. [68].) havealsousedan uncoupledCFD

DSMC techniqueto predict flow fl'oman expandingthruster plume. An experimental

study in the DeutschesZentrumfiir Lulf- und Raumfahrt (DLR) high vacuum plume

test facility, Simulationsanlage fiir Treibstrahlen G6ttingen (STG), simulated plumes

from a 0.5 N conical thruster into a high vacuum background environment. For the

numerical simulation of the nozzle and phlme flow, CFD was performed to the nozzle

exit for the high Reynolds number case and inside the nozzle otherwise, where the local

Knudsen number, Kn, was less than 0.05. The interface between the CFD and DSMC

was uncoupled for these calculations; that is, information was allowed to pass only from

the CFD to the DSMC solution domain, which is appropriate for such an expanding

flow. Comparison between the experiment and numerical simulation was generally good;

however, a more accurate modeling of the nozzle wall temperature distribution may

decrease the difference between the two [68].

Not only are RCS thrusters a source of gas impingement for vehicles in orbit,

but venting and outgassing from the vehicle surface pose a contamination threat to the

vehicle. Rault and Woronowicz [66] have applied the DSMC technique to analyze sur-

face contamination on the halogen occultation experiment (HALOE) telescope optics on

the Upper Atmospheric Research Satellite (UARS) from surface outgassing, equipment

venting, and attitude thruster firing while in orbit. Molecules from surface sources were

introduced into the DSMC computational domain as either emitting gases with no bulk

velocity or as drifting Maxwellian free jets. The study provided simulations of the local

contamination field and surface contamination on the UARS HALOE instruments, which

showed that estimates based on engineering codes were too conservative.
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RCSimpingementand surfaceoutgassingstudiessuchasthosedescribedabove

showtile usefulnessof the DSMCtechniquein analyzingflowabout vehiclesin orbit in

the fi'eemolecularflow regime. The DSMC techniquehasahnostbecomea necessary

tool for the spacecraftdesignerin determiningcontamination,pressure,and heatloads

for spacevehiclesin orbit. Althoughengineeringcodesthat predictcontaminationfields

aboutsatelliteswith line-of-sightviewfactorsusingapproximationssuchasthosegiven

by Dettleff [19]providea first ordercstimateof the effectsof the plumeimpingement

contamination,DSMC molecularsimulationsprovidea moreaccurateestimateof the

contaminationflow field. Intermolecularcollisionsandmultiplesurfaceinteractionsare

modeleddirectly with DSMC,asopposedto the adhocmodelsfor the return flux used

in engineeringcodes. With DSMC techniques and computational resources improving,

accurate DSMC calculations of the flow field and surface contamination about geomet-

rically complex satellites in orbit can now be performed with short turnaround times

on desktop workstations (Rault and Woronowicz [66]). A deficiency with the method

presented by Rault and Woronowicz [64] and [66], however, is that accuracy in the con-

tinuum flow region adjacent to the outgassing surface or thruster plume was limited

because the DSMC technique required excessive computational resources to provide a

complete representation of the flow field in those regimes.

1.2.2 Rarefied Flow Regime

In addition to studies of configuration-specific RCS jet interactions in the rarefied

flow regime described above in Section 1.1, some recent generic experimental and compu-

tational studies of rarefied flow interacting with continuum jets have been accomplished.
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Thesestudieswereperformedto increa_sefimdamentalunderstandingof theflowphysics

andresultantsurfaceeffectsfromjet interactionwith a rarefiedfreestreamflowonsim-

pleshapes.Theexperimentsalsoprovidea databaseto validateexistinganddeveloping

computationaltechniques,whichcanthenbeappliedto obtainjet flow fieldinteractions

for the morecomplexflight configurationsandflight conditions.

1.2.2.1 Experimental Studies

A French experiment performed in the SR3 wind tunnel of the Centre National de

la Recherche Scientifique (CNRS) in Meudon, France (All_gre and Raffin [3] and Allb.gre

et al. [4]) models a jet interaction in a corner to simulate effects such as those caused by

an RCS jet near a wing-fuselage juncture. The model used in the experiment is shown

in Figure 1.1. Two sharp leading edge flat plates oriented perpendicular to each other

form a corner. The horizontal plate has an orifice oriented normal to its surface through

which a supersonic jet is injected. Both plates, at zero incidence to a rarefied Mach 20

N 2 free stream, were instrumented with pressure orifices. Surface pressure distributions

and surface oil flow visualizations at various free stream and jet flow conditions from the

experiment are presented by AIl_gre and Raffin [3].

Also, the British have recently performed jet interaction experiments using generic

models in the Low Density Nitrogen Tunnel (LDT) at the Defence Evaluation and Re-

search Agency (DERA) in Farnborough, United Kingdom (Gilmore and Warburton [28],

Gilmore [27], and Warburton [88]). Gilmore and Warburton [28] experimentally and nu-

merically studied the jet interaction flow about an 8° sphere cone with an axisymmetric

annular jet. The sphere cone was also tested with a circular disk at the jet injection
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Fig. 1.1. Jet interaction corner flow model of All_gre and Raffin [3].
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location,whichrepresentedajet-typeobstructionto tile flow. CFDwasappliedto both

configurationsandDSMCwasappliedto theconfigurationwith the circular disk attach-

ment. It was determined that flow solutions from both axisymmetric CFD and DSMC

simulations did not adequately model all of the flow and surface effects produced during

the experiment. CFD provided good agreement in the high density vortical flow region

upstream of the circular ring, and the DSMC solution was in good agreement elsewhere

ii_ tlie low density flow regions. Tlmse results are expected since the flow about the

configuration is mixed; that is_ it consists of a low density, rarefled flow over the forward

portion of the body from the nose tO a high density, vortical flow region in the vicinity

of the circular ring protuberance. The Navier Stokes equations, as applied by CFD, are

appropriate to describe the flow field in the high density region; elsewhere in the rar-

efied flow region, the Computational grid was sufficiently resolved to produce an accurate

molecular simulation by the DSMC technique.

Additionally, Warburton [88] experimentally studied jet interactions with a sharp

leading edge flat plate configuration in the LDT. Heated nitrogen gas was expanded to

provide a free stream flow at a nominal Math nuniber of 9184, static temperature of 65K,

and static pressure of 5.4 Pa. The interacting jet was expanded from a plenum to a

sonic condition at the nozzle exit and released perpendicular to the flat plate surface. As

with the experiment of Gilmore and Warburton [28], the experiment of Warburton [88]

offers an opportunity to study a jet interaction with a combination of both CFD and

DSMC solution techniques because the fl'ee stream flow is rarefied and the interacting

jet is continuum. However, the experiment of Warburton provides a three-dimensional
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jet interaction rather than tlle axisymmetricjet interactionthat wasstudiedin the

experimentof Gihnoreand Warburton[28].

1.2.2.2 Computational Studies

Someof theexperimentsdescribedin Section 1.2.2.1 have provided test conditions

for numerical studies. Wihnoth and Tartabini [95] and Tartabi_i et al. [82] applied

the DSMC technique to the French corner flow jet interaction experiment. For the

simulation, the jet flow at the nozzle exit was "modeled as a cireular disk contained within

the horizontal surface across which molecules are injected by sampling from a streaming

Maxwellian distribution" (Wihnoth and Tartabini [95]). Molecules were ejected from

the surface with an average velocity and temperature based on calculated nozzle exit

conditions. Results of the DSMC study showed the simulation produced higher jet

induced wall pressure than was measured during the experiment. A similar modeling

of jet flow was chosen by Rault et al. [65], Shane et al. [76], and Shane [77] for the

DSMC simulation of both the Magellan and MGS during actively controlled planetary

aerobraking maneuvers. If the jet plume flow near the nozzle is in a contimmm state,

application of the DSMC technique to the near nozzle exit flow is not appropriate.

Instead, a mixed solution methodology, which captures the continuum flow by a CFD

solution and the rarefied flow by a DSMC simulation, would yield the proper flow field

solution.

Recent research efforts have focused on developing hybrid CFD and DSMC tech-

niques to provide solutions for mixed flow regimes. Wadsworth and Ervin first developed

a one-dimensional scheme [85], which was applied to a rarefied normal shock wave, then
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a two-dimensionalscheme[86],whichwasappliedto rarefiedflowthrougha slit. Issues

suchasthe interfacelocation,CFD to DSMCcouplingtechniques,andthe extensionof

tile techniqueto three-dimensionalproblemsarediscussed.Ha.shand Hassan[36]have

alsodevelopeda hybrid CFD-DSMCsolution techniqueto analyzethe flow about an

axisymmetricbluntedconeconfiguration.Meritsof acoupledandanuncoupledmethod

to solve',the flow fieldwerecompared,and Hashand Hassan[36]concludedthat for the

bluntedconeconfigurationlthe decoupledCFD DSMCsolution techniqueis appropri-

ate. Garciaet al. [26]havestudiedflow about a microscopicsphereby embeddinga

fine scaleDSMC patchwithin a CFD grid to study the mappingof coarsescalegrid

with finescalegrid propertiesthroughbuffer cells. The most ambitioushybrid CFD-

DSMCtechnique,however,hasbeenaccomplishedby Rovedaet al. [70]and [69]. The

techniqueallowsnon-equilibriumflow regionsto beembedded,and movein a time ac-

curatemanner,within an inviscidcontinuum flow regime. Roveda et al. [70] discuss the

non-equilibrium continuum interface location, frequency of coupling, and regridding to

follow unsteady patch movement, and apply the technique to a two-dimensional unsteady

rarefied slit flow [69].

Depending on the type of mixed continuum non-continuum flow field, one of three

interfaces between the regions can be used [70]: uncoupled, weakly coupled, and strongly

coupled, if flow field information travels in the downstream direction only, an uncoupled

technique is applicable, for example, the flow of an expanding plume moving downstream

from the nozzle exit. Therefore, an uncoupled solution, with the continuum and rarefied

regions uncoupled at the proper interface location, is sufficient to describe the entire flow
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field.As discussedpreviously,Lumpkinet al. [47],Rault [64],andRosenhauseret al. [68]

haveproducedsolutionsfor expandingplumeflowsusingthe uncoupledtechnique.

Recently,Glassand LeBeau[30]andGlass[29]haveappliedan uncoul)ledtech-

niqueto astudyofjet interactionswith thegeometricconfigurationba._edonthe exper-

imentof W_arburton[88]andhaveobtainedthree-dimensionalnumericalresultsfor the

experimentaltest conditions.Although the techniquewasdemonstratedandsolutions

werepresentedin the studies,noexperimentalresultswereavailablefor comparison.

1.2.3 Continuum Flow Regime

Jet interactionsfor aeronauticalapplicationshavebeenmostextensivelystudied

for flowsin the continuumregime.Cross-flow jet interactions are used in aeronautical

vehicle power plants to mix fuel either in an internal combustion or turbojet engine,

and more recently in research supersonic combustion ram jet (SCRAMjet) engines. The

lateral transfer of tirol through an injector into air forms a mixture, which is compressed

and ignited to produce power (Eastop and McConkey [20]). For hypersonic flight, cross

flow interaction has been studied to define tirol mixing efficiency in SCRAMjet engines by

Fuller [24]. Also, control devices on some aeronautical vehicles are cross-flow jets. Some

high performance fighter aircraft use cross-flowing jets for lateral momentum transfer

to increase maneuverability. The AV-8B Harrier can vector its thrust to rapidly change

flight path. Vectored thrust is planned for use with the next generation fighter aircraft to

decrease take-off distance and increase in-flight maneuverability (See Flinn [23] and Far-

ley [22].). Thrust vectoring flight control may soon be available for commercial aircraft

(Gal-Or [25]). High-speed interceptor-type missiles may use jet interaction for steering
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control. At high-speedfleestreamconditions,a cross-flowjet producesboth a "direct"

thrust fi'omthejet momentumflux andan "indirect" thrust asthejet interactionaffects

the localsurfacepressuredistribution (Ward[89]).Amplificationfactorcorrelations are

available for some high-speed continuum jet interactions (Spaid and Cassel [79]), but the

correlations are geometry specific.

To complete the general discussion of jet interactions, a few types of low speed

interactions are briefly discussed. Some more ordinary applications of cross-flow jet

interactions are to transfer mass and heat into the atmospheric and aquatic environment.

For example, the fireplace in a home, municipal trash burning, or burning coal or oil by

heavy industry produce heat aim smoke. The smoke is discharged as a low speed plume

from a chimney or smokestack and mixes with and is convected away by the surrounding

atmosphere. Heat is also transferred into the environment in water plumes. For example,

coolant water, after being circulated through the heat exchanger of an electric power

plant steam condenser, increases in temperature and in some cases is discharged as a low

speed phune into a large moving body of water to transfer heat.

1.3 Summary

All of the above applications of cross-flow jet interactions have a common at-

tribute. Either by experimentation, application of the integral or differential conservation

laws, engineering approximations, or other numerical techniques, a base of information

can be obtained to predict the mixing behavior and the effect of the interacting (or

for free expanding, non-interacting) jet or plume or on the surrounding medium. In

the continuum regime, wind tunnels, water tunnels, engineering approximations and
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codes,andCFD adequatelyrepresentthe flowprocessand its effects,whichcan then

be factoredinto specificdesigncriteria. In the freemolecularregime,vacuumchamber

experiments,collisionlessflowanalysis,andrecently,DSMCsimulationsdescribetheex-

pandingflowandsurfaceimpingementwith confidence.Plumeandjet interactionflow

in the fi'eemolecularand continuumregimeshavebeenstudiedextensively.See,for

example,Dettleff [19]andSpaidand Cassel[79],respectively,for reviewpaperson the

subjects.However,jet interactionwith a rarefiedhypersonicflowhasbeenlessstudied,

and a databaseof fundamentalknowledgeof the phenomenaand howbest to quantify

jet interactioneffectsfor specificconfigurationsis needed.
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2O

Uncoupled CFD-DSMC Technique

As discussed in Chapter 1, a need exists to accurately model and understand

effects of jet interactions in the rarefied flow regime for the next generation space vehi-

cles, upcoming planetary exploration probes, and other vehicles that use active control

because they will require RCS to maintain flight stability during atmospheric entry or

aerobraking maneuvers. The present research effort is intended to develop a numerical

strategy that can be applied to geometry specific problems and provide fundamental

understanding of the interaction between a continuum jet and a rarefied flow for these

problems.

2.1 Jet Interaction Flow Field

A jet interacting with a rarefied flow field consists of mixed flow regimes: an outer

rarefied region, an embedded inner continuum jet plume region, and an interaction zone

between the two regions. A solution to this mixed flow requires the use of both the

CFD and DSMC techniques with an appropriate interface. Theoretically, a molecular

simulation applied t)y the DSMC technique to the entire interacting flow field, including

the continuum jet, should yield an accurate simulation of the resultant flow. However,

because the jet flow begins as a high density, continuum gas in a plenum chamber and

remains a continuum gas as it initially expands from the nozzle exit into the low pressure
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rarefiedregion,implementationof theDSMCtedmiqueto the entireflowfield is limited

by current computertechnologyand DSMCalgorithms. Soaccuratemodelingof the

higherdensityjet flowby a three-dimensionalmolecularsimulationrequirescomputa-

tional resourcesbeyondthecomputermemorylimits of today'ssupercomputersbecause

grid resolutionneededfor the DSMCtechniqueis of the order of the local meanfree

path. Therefore, for the present method, the continuum portion of the expanding jet

flow field is described using CFD, and the other portions of the flow are modeled using

DSMC.

2.2 CFD-DSMC Uncoupling at the Breakdown Surface

State-of-the-art hybrid flow solution techniques are presently being developed,

which apply CFD and DSMC in applicable regions to produce solutions of mixed con-

tinuum and rarefied flow fields (See Section 1.2.2.2.). Roveda et al. [70] discuss issues

associated with coupling the continuum and rarefied regions using uncoupled, weakly

coupled, and strongly coupled techniques. For the present solution methodology, an

uncoupled hybrid technique will be developed to simulate the jet interaction with a rar-

efied flow. This technique is appropriate for situations where the downstream jet flow is

unaffected by the upstream region; that is, information is passed only in the expanding

flow direction from the high pressure region outward. For this ciremnstance, a CFD jet

flow solution can then be used as an inflow boundary condition for the DSMC, which

then applies a molecular simulation to describe the rarefied and interacting portions of

the flow field. However, to implement such an uncoupled hybrid flow solution technique,

a boundary must be established between the CFD and DSMC solution domains, whi(:h



22

allowsthe CFD solutionto capturethecontinuumregionof theplumethat is relatively

unaffectedby the interaction.

Severalmethodsexistto establishaboundarybetweenttlecontinuum and rarefied

regimes, which have been discussed by Boyd et al. [13] and Bird [11]. Boyd et al. [13] use

a gradient length local Knudsen number, Kn GLL = )_/L, with the characteristic length,

L = p/Vp, based on the local density gradient to determine the boundary between

the continuum and rarefied regimes. Their study [13] concludes that for compression

regions with large density gradients, such as near shock waves and stagnating flow, if

KnGL L > 0.05, the continuum approach breaks down. Bird [11], however, defines a

continuum breakdown parameter for expanding flow. Gradients in the macroscopic flow

properties are sustained by collisions between molecules. As the number of collisions

decreases, these gradients cannot be maintained. The Bird breakdown parameter, P,

provides a numerical value, which is a measure of the number of molecular collisions

in a characteristic time for an expanding flow. For P > 0.02, the local temperature

departs from the continuum theory because the molecular collision frequency is too low

to provide a local equilibrium condition [11].

Because the boundary defined by Boyd et al. [13] is based on local density gradient

for flow compression and the Bird breakdown parameter is based on flow expansion con-

siderations [11], the Bird breakdown parameter is used in the present study to determine

the interface boundary between the expanding jet plume and the interaction with the

rarefied flow field. Given a three-dimensional expanding flow solution, a Bird breakdown

surface (Bird [9] and [11]) can be obtained. The breakdown surface provides a natural

boundary between continuum and rarefied flow regions and, by varying the value of the
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surfacebreakdownparameter,theapplicablerangeof theNavier Stokesequationsin an

expandingflow field canbeshown.

To employthe Bird breakdownsurfaceasa parameterto definethe extent of

the expandingjet flow when appliedto a jet interaction, it will be shownthat the

appropriatevalueof breakdownparameterdependsonboth tile jet andfreestreamflow

conditions.The difficultyof tile applicationis determiningthe breakdownsurfacethat

ensuresthejet l)lumeflowexpandsoutwardonlyandis not distortedbythe interaction,

thus allowingtile jet andinteractionto beuncoupled.Sucha methodwill optimizethe

useof both the CFD andDSMC numericaltechniquesfor a givenproblemwithout an

iterative stepto updatethe jet flow propertiesat the boundary.The presentresearch

providesa set of guidelinesto definethe properbreakdownboundaryfor this type of

jet interactionin the transitional rarefiedregime.Numericalresourcescanthenbebest

utilized to numericallysimulatethe jet interactionflow field by employingeontimmm

andmolecularflowanalysesin the flowregionwheremostappropriate.

Other approacheshavebeenproposedand employedto numericallymodeland

study a continuumjet interactingwith a rarefiedfreestream. CFD andDSMC were

appliedseparatelyto an experimentof an axisymmetricconicalconfigurationwith an

annularring attachedto the surfacethat sinmlatedthejet plumeassolidobstruction

to the flow (Gilmoreand Warburton[28]). A comparisonbetweenthe numericaland

experimentalresultsshowedthat both the CFD and DSMC numericalresultslacked

a completedescriptionof flow structuresand the surfaceeffectsseenexperimentally.

In addition, the simulationwasperformedon an axisymmetricmodel, which is not

representativeof three-dimensionalinteractionsfor complexgeometricconfigurations.
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Wihnoth andTartabini [95]andTartabiniet al. [82]took anotherapproachwith

their applicationof the DSMC techniqueto jet interactioncorner flow studies. The jet

was approximated as a molecular inflow boundary at the nozzle exit on the geometric

surface of the flat plate. Although the grid cells used for the study were dimensioned

about twice the free stream mean free path, the jet core, which has a much smaller

mean free path, was not adequately resolved because of considerable computational

requirements. Flow physics of the continuum portion of the jet may not be properly

modeled by an insufficient munber of cells because gradients and local collision rates

are not defined accurately by poor grid resolution. Also, the macroscopic properties of

the flow in the vicinity of the continuum jet core may influence any subsequent surface

collisions of the molecule, which are used to calculate surface pressure, skin friction, and

heat transfer.

An approach of confl)ining CFD and DSMC similar to that proposed for model-

ing the jet interaction for the present method has been applied to study free expanding

plume impingement (Lumpkin et al. [47] and Rault [64]). The jet plume for the free

expanding plume impingement was first modeled using CFD. A breakdown surface and

inflow boundary conditions for the DSMC technique were obtained from the CFD so-

lution, and DSMC was applied to obtain a molecular sinmlation for the remainder of

the computational space. Additionally, no significant free stream was present to interact

with the expanding plume. Moreover, these studies (Lumpkin et al. [47] and Rault [64])

defined the extent of continuum flow at a plume breakdown surface of breakdown pa-

rameter value of 0.05. Rault [64] states the use of this breakdown value is valid because

it is based on experimental data; however, Bird [11] suggests that breakdown parameter
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valueslessthanorequalto 0.02beusedto definetile extentof tile continuumregimefor

anexpandingflow. Notethat the largerthenumericalvalueof thebreakdownparameter

the morerarefiedthe plumeflow field. Consequently,the breakdownparametervalue

givenby Bird [11]providesa moreconservativeevaluationof thecontimmmregimethan

that of Rault [64].

2.3 Numerical Methods

An overview of tile uncoupled CFD-DSMC technique proposed for the present

study of the mixed flow associated with jet interactions in the rarefied regime was dis-

cussed in the previous section. Presented in this section is a general discussion of the the

CFD and DSMC numerical methods individually and the specific computer programs

used to apply the numerical techniques for this study.

2.3.1 Computational Fluid Dynamics

Computational fluid dynamics (CFD) is a numerical approach employed to deter-

mine the motion of a continuum, Newtonian fluid. The Navier Stokes equations, which

describe the continumn fluid motion, are applied to a physical space that is divided

into a grid of cells or volumes called the computational domain. Boundary conditions

and specific algorithms are applied to the computational domain and allow solutions to

be obtained for many flow situations, ranging from, for example, internal pipe flow to

external hypersonic flow about a flight vehicle. Presented below is a brief history of

the development of the governing set of equations, which describe the fluid motion, and

mlmerical techniques used to solw_ the equation set.
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CFD, as a discipline, enables solutions of the equations of fluid motion to be

obtained using various numerical methods, and its history is linked to both the mathe-

matical development of the equations and to the more recent and ongoing advancements

in computational methods available to solve the equations. Because the equations and

solution methods are so closely tied for this subject, presented in this section is a brief

history of both.

The following historical account of the development of the theory and solutions

of the equations of motion fl'om the earliest description of fluid mechanics to the start of

the 20th century is taken from the text by White [92]. The first exact solution to a fluid

mechanics problem was given by Archimedes (_ 200 B.C.) and was developed as a result

of his observations of buoyancy. The Romans, simuitaneousiy, were building their city

water supply system, which incorporated intuitive knowledge of flow resistance, but no

niathematical relationships were derived to describe the fluid resistance in the system.

Leonardo da Vinci, in about 1500, developed the mass conservation equation for

one-dimensional, incompressible, viscous fluid flow. His notes on the subject of fluid

mechanics contained sketches and descriptions of various flow phenomena such as wave

motion, free jets, bluff body eddy formation, etc. Two centuries later, Edme Mariotte, in

the first wind tunnel, measured drag with a model balance system and directly studied

friction from a fluid. This work was published in 1686 as the text, "Trait6 du Mouvement

des eaux." A year later, Sir Isaac Newton in his "Prineipia" proposed that the cause of

viscous fluid behavior is a " ... lack of lubricity in the parts of the fluid ... [,which] is
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proportionalto the [fluid] velocity..." [92]. This hypothesisleadsto the linear law of

viscosityandis why mostcommonfluids arecalledNewtoTtia_. in honor of his insight

into the viscous behavior of fluids.

In 1738, Daniel Bernoulli demonstrated that for inviscid flow, fluid accelera-

tion is proportional to pressure gradient; and Leonhard Euler, in 1755, further refined

Bernoulli's observations and derived the so-called Bernoulli's equation, which describes

the flow properties of an inviscid fluid along a streamline.

The addition of viscous terms to Euler's inviscid equations was the next significant

step to define the full set of equations of fluid motion. In the early to mid 19th century,

Navier, Cauchy, Poisson, St. Venant, and Stokes added friction by including viscous terms

to the Euler inviscid equations. However, Stokes was the only one of the five to use the

first coefficient of viscosity, #, in his mathematical description, and the resulting equation

set, in part bearing his name, are called the Navier-Stokes relationships. In general, these

non-linear partial differential equations are not amenable to a direct analytical solution,

except for some particularly simplified cases, because they are mathematically difficult.

Therefore, the equation set, although complete in the mid 19th century, was of little use

to the hydraulicists of that era.

The next major step in mathematically describing viscous fluid flow, proposed by

Ludwig Prandtl in 1904, was the boundary-layer theory. In his approach, an outer flow

is described approximately by the inviseid Euler equations and matched as a boundary

condition to a viscous, near wall flow, which is defined by the boundary-layer equations, a

simplified subset of the Navier Stokes equations. Although the method works adequately

for attached flows, it does not work for flow with regions of separation where the parabolic
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natureof theboundary-layerequationsdoesnotallowinformationto passinanupstream

direction.Thesignificanceof Prandtl'sboundary-layertheorywasthat it permittedthe

physicsof theflow to bebetter modeled;thus,a greaternumberof fluid flowproblems

couldbesolvedanalytically.

Althoughgeneralanalyticalflowfieldsolutionsaboutanarbitrary bodyby thefllll

Navier Stokesequationsarestill not possiblebecauseof the complexityof theequation

set,thearrivalofnumericaltechniques,whichallowapproximationsof theNavier Stokes

equations,andhigh-speeddigital computerswith whichto solvethem,enableaccurate

continuumflowsimulationsof a Newtonianfluid to nowbereadilyaccessible.To better

understandtheequationsolutiontechniques,Andersonet al. [6]provideacomprehensive

historical perspectiveof the developmentof thesealgorithmsfrom the first schemes,

which requiredtedioushand calculationsuntil about the mid 1970's,wheremodest

supercomputerswereavailable.Someof the highlightsfrom their textbookareincluded

next.

To solveLaplace's equation and determine tile stress distribution in a dam,

tlichardson in i910, devised a point iterative scheme, which is thought to be the first

decisive mlmerical Solution method. Also, he distinguished between problems requiring

relaxation techniques and marching schemes. Leibmann improved Richardson's method

in 1918, which decreased convergence time for solutions of Laplaec's equation.

In 1928, mathematicians Courant, Priedrichs, and Lewy studied tile uniqueness

and existence of numerical solutions and developed what is now known as the CFL

condition, which provides a criteria to determine the stability of a numerical technique
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whenappliedto hyperbolicpartial differentialequations.The CFL conditionis widely

usedto assessthe time stepsizefor current,state-of-the-artCFD algorithms.

Specificallyfor fluiddynamicsproblems,Southwell,in 1940,developedaniterative

schemefor handcomputingflow fields,and, in 1955,Allen and Southwellappliedthe

techniqueto solvethe incompressible,viscousflow overa cylinder. Moreover,during

World War II, at LosAlamosNational Laboratory,yon Neumanndevelopedmethods

for analyzingthe stability of a time-marchingschemeto predicthighenergydetonation

shockwavesfor the wareffort.VonNeumann'sstability analysiswaspublishedin 1950

by O'Brien, Hyman,and Kaplan. Additionally in 1950,yonNeumannand Richtmyer

produceda schemethat employedartificial viscosityto captureshocks,whichwasfirst-

orderaccurateandwasthe basicalgorithmfor early inviscid,compressibleflowcodes.

Sincethe early weaponstype, yon Neumann-Richtmyeralgorithms,therehasbeena

steadyincreasein thenumberandorderof accuracyof emergingschemes.

In 1954,Lax, with the governingequationswritten in the conservativeform,

developedashockcapturingscheme,and,in 1960,Lax and Wendroff produced a second-

order scheme to calculate shock waves in a flow by adding numerical damping with

artificial viscosity similar to the method used in the yon Neumann-Richtmyer algorithms.

In the late 1960's, MacCormick developed a second-order predictor-corrector scheme and

was able to better predict flow fields with discontinuities and embedded shocks than the

standard Lax-Wendroff algorithm.

Chapman [16], in 1979, presented the AIAA Dryden lecture, in which he summed

up the state-of-the art at that time. Given next is a brief synopsis of Chapman's lec-

ture. Although the first published numerical flow simulation was a weather prediction
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accomplishedon anENIAC computerby Charney,FjSrtoft, andvonNeumannin 1950

on a 15x 18grid, aeronauticalapplicationshavehad the mostimpacton the overall

developmentof CFD.

Therearetwoprimary motivationsto exploitCFD for aeronauticalapplications.

First, it canprovideflight conditionpredictionsnot attainableexperimentallyin a wind

tunnel. CFD predictionsdo not sufferwith sting interferenceeffects,freestreamnon-

uniformitiesthat effecttransition to turbulence,and the dependenceof flowseparation

and transition oil flight vehiclemotion. Secondly,Chapman[16]predictsthat it will

becomeeconomicallycheaperto produceCFD simulationsthan experimentsbecause

computerswill be lessexpensiveand faster,algorithmsmoreefficient,and model fab-

rication and wind tunnel testingwill be morecostly. Generally,thesepredictionsare

true; however,baselineexperimentsprovidemuchcredibilityto CFDtechniques,andin

retrospect,wind tunnelsstill providemostof theaerodynamicdata.

Accordingto Chapman[16],CFDdevelopmentcanbecategorizedinto fourstages.

StageI, the linearizedinviscidstage,is commonlycalled "panelmethods,"whichsolve

the potentialwaveequationonnumeroussurfacesthat definea vehicle.In the 1960's,

3-Daircraft analyseswereperformedusingstageI techniques.

The next stageof CFD development,stageII, is the solutionof the non-linear

inviscidequationswheretheviscoustermsof theNavier Stokesequationsareneglected.

StageII calculationsare performedby so-calledEuier codes. Primarily, most stage

II calculationswereaccomplishedat either transonicand hypersonicflow conditions.

The first transonicsolution for a lifting airfoil waspresentedin 1970by Magnusand

Yoshiharausinga timedependentexplicit technique.Also,during this time, hypersonic
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Euler solutionswereproducedusingthe Lax Wendroff"shock-capturing"techniqueto

predictaerodynamicsfor the shuttleOrbiterduring thehypersonicportion of anentry

trajectory.

StageIII CFD techniquesproducesolutionsfor the ReynoldsaveragedNavier-

Stokes(RANS) equationswith all viscoustermsincluded. The first suchsinmlation,

reportedby Li in 1974,wasof a steady,laminar flow about a body of revolutionat

angle-of-attack.In 1977,Levy reportedthe first unsteadysolutionof buffetingflowon

a transonicairfoil. The inaccuracyof stageIII CFD is in turbulencemodelingwhere

zero-,one-,or two-equationmodelsareemployedto describeturbulent flow behavior.

Althoughno universalmodelis availablefor all flow situations,stageIII turbulence

modelsarestill exercisedin currentstate-of-the-artCFD.

A numericaltechnique,whichis not discussedby Chapman[16],but bridgesthe

gapbetweenthestageIII RANS,discussedabove,andstageIV directnumericalsimula-

tion (DNS),discussedbelow,is the largeeddysimulation(LES).Ratherthansimulating

turbulenceat the micro-scale,which involvesa "largerangeof spaceand time scales

(Schumann[75])," the LES captureslargerscaleeddy phenomenawith subgridscale

modelsto removeisotropicturbulent and diffusivesubscaleenergythat cascadesfrom

the largescalefeatureswithout thecomputationaloverheadof employinga micro-scale

resolvedgrid. LEShasbeenappliedto flowsfrom highReynoldsnumberhomogeneous

turbulenceto channelandatmosphericboundarylayers(Forexample,seeSchumann[75],

Speziale[801and Zhang et al. [971.).

Stage IV CFD simulations produce turbulent flow simulations based on first prin-

ciples using a DNS of the full Navier Stokes equations. By refining the grid to the
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Kolomogorovmicro-scale,the turbulent eddiesof a flow canbesimulated. Early ad-

vancesin stageIV CFD werefrom atmosphericsimulationmodelsin the 1960,which

usedPrandtlandvonKgrmgmtypeeddyviscosityandmixinglengthmodels.Deardorff,

in 1970,is creditedwith producingtile first 3-D turbulenteddysimulationof a channel

flowand planetaryatmosphericflow usingstageIV techniques.To adequatelyresolve

turbulentflowonaflight vehicle,however,is still beyondcomputationalcapability.This

techniqueis waiting to exploitcomputerswith largememorycapacityto performsuch

turbulent flowsimulations.

Sincetheearly 1970's,a tremendousamountof researchon CFD techniqueshas

beenaccomplishedand the capabilitiesof eachnewgenerationof supercomputershas

increasedproportionally.An importantaspectof thenewtechniquesto solvetheNavier-

Stokesequationshasbeenthe introductionof higherorderschemesfor predictingcom-

pressibleflows,which,rather than spreadinga discontinuitysuchasa shockwaveover

severalgrid pointsaswith previousmethods,areablenowto calculatesharp,oscillation

freeshockwaves.

Themostrecentadvancesin CPDhavebeenin thesolutionof compressibleflow

problems,and Hussainiet al. [38]havecompiledan anthologyof higher-ordercompu-

tational schemesfor obtainingsolutionsfor ttieseproblems.In particular, upwindand

high-resolutiontechniques,whichevolvedfrom the early 1980'suntil the mid 1990's,

werereportedby computationalscientistsat theInstitute for ComputerApplicationsin

Scienceand Engineering(ICASE) locatedat the NASA LangleyResearchCenterand
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arepublishedasa collectionof tile originalpapersin tlle anthology.Presentedsubse-

quentlyarea fewof themanyevents,whichhistoricallyaccountthe path to thecurrent

state-of-the-artCFD compressible flow solvers.

As discussed previously (See the text by Anderson et al. [6].), early compressible

flow solution techniques added artificial viscosity terms to tile governing equations to

capture shock waves over several grid points, not as a discontinuity, but as a smeared

shock. This shock smearing affects the adjacent numerically determined flow properties.

To more accurately define these discontinuities in the flow field, research was be-

gun in tile early 1980's oil "high-resolution sctmmes." Two different approaches were

taken: the first, by Boris, was called the Sharp and Smooth Transport Algorithm

(SHASTA) and used a flux-corrected transport (FCT) method in a two step prediction-

correction cycle to achieve second-order accuracy; the second, by van Leer was a mod-

ification to the Lax-Wendroff scheme, where he added flux limiters and high-order re-

construction to estimate flux values of nearby cells, which lead to his Monotone Upwind

Scheme for Conservation Laws (MUSCL). This effort by van Leer also prompted other

techniques that limit oscillation near a discontinuity by various higher order reconstruc-

tions and gave rise to the Essentially Non-Oscillatory (ENO) schemes.

At the same time, Roc began to investigate an approximate Riemann solver that

used the technique of flux-difference splitting to divide the information passed through

the grid into parts, one associated with waves moving forward and the other moving back-

ward through the grid. Also, during this time, Harten fornmlated his Total Variation
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Diminishing (TVD) schemethat he later combinedwith the ENO methodfor multi-

dimensionalapplicationsthat becameknownas the Total VariationBounded(TVB)

scheme.

The ICASE environment,which led to greaterunderstandingof techniquesto

solvethe compressible flow equations, also presented an opportunity for the develop-

ment of industry standard CFD codes. One of these codes, CFL3D, resulted from a

collaboration of ICASE scientists, one of whom was _¥alters. Later, _,¥alters was instru-

mental in tile development the GASP code [2] used in tile present study.

2.3.1.2 Governing Equations

The set of equations, which govern the motion of a continuum, Newtonian fluid

are derived as a consequence of applying the conservation of mass, momentum, and

energy to a control volume about a small fluid element. In this section, the integral form

of the equations of motion are presented for flow of a single species for completeness (For

more comprehensive details, see text by White [92] or Kundu [43].).

The time rate of change of mass in a fixed volume equals the sum of the mass flow

into and out of the fixed volume. This statement describes the conservation of mass,

which, in integral form, can be written as:

_-/ - pu-dA (2.1)
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A statement of the conservation of momentum is obtained by applying Newton's

second law to the small control volunle. That is, the sum of all forces acting on tile

volume and the net flux of momentum through the surface of the volume equals the time

rate of change of its momentum (which equals the mass of the volume times the accel-

eration). Acting on the volume are body and surface forces: (1) Body forces are those

produced by a conservative field such as a gravity, an electrostatic, or a magnetic field;

(2) Surface forces are those acting on tile boundary of the volume such as normal forces

(pressure forces) and shear stress (frictional forces). In integral form, the conservation

of momentum can be written as:

_ -ff_(pui)dl/" + _i puiujdAj = fvpgidV + fATijdA j (2.2)

where index, or Einstein, notation is used for its compactness.

Similarly, a statement of the conservation of energy, the first law of thermody-

namics, for a small control volume can be expressed as the time rate of change of energy

stored, which equals the sum of all work done and heat added to the volume. This

relationship, written in integral form, is:

D 2)dV + TijuidA j qidA (2.3)D--t .P(e + = .PgiuidV

where _t is the substantial derivative.
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Closureof Equations2.1,2.2,and2.3isobtainedbydecomposingtile shearstress

tensor,7ij , into normaland tangentialcomponentsandassociatingthemwith pressure,

shearstresses,andspatialderivativesof thevelocityvector;relatingthe internalenergy

andheatflux vectorto thetemperaturewith theconstantvolumespecificheat,CV, and

thermal conductivity, k, respectively; and using a state equation such as the perfect gas

law, P = pRT, to interrelate thermodynamic variables.

Finally, as a consequence of the second law of thermodynamics, which requires

entropy of irreversible processes to increase, the coefficient of viscosity, it, and thermal

conductivity, k, are positive.

2.3.1.3 Solution Method

CFD for this study is provided by tile General Aerodynamic Simulation Pro-

gram (GASP) (McGrory et al. [49] and AeroSoft [2]). A commercially available soft-

ware product of AeroSoft, Inc., GASP, is a three-dimensional finite-volume CFD al-

gorithm, which solves the time-dependent, Reynolds averaged Navier Stokes (RANS)

equations. Also, steady, one-dimensional, two-dimensional, axisymmetric, thin-layer,

parabolic space marching, and Euler subsets ofthe RANS are solved by GASP. The

equation set solved by the code is presented in the technical reference section of the

user manual [2] and is given in this section. The finite volume formulation of the GASP

code is for an unsteady, multi-dimensional, multi-species, reacting chemistry model. By

ignoring unneeded terms, the equation set is simplified to match the specific problem.
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Although not presentedin compactvector form in the previoussection, the

Navier-Stokesequationsfor the finite volumeformulationof GASPare first written

in integralform as:

d / QdVdt

Time Derivative

+ f4[F(Q) . fi]dA = f4[Fv(Q) . fi]dA + / SdV

Inviscid Fluxes Viscous Fluxes Source Term

(2.4)

where the terms of the equation are separated by the braces from below and designated

by their flmction.

A cell-averaged, finite-volume formulation for Equation 2.4 with the volume de-

noted ms V, a cell face area as AA, and with the application of the chain rule to obtain

tile time derivative of primitive rather than conserved variables can be written as:

are:

w

V( )_- + E(F. fi)AA = E(F,v. fi)AA + VS
,4 ,4

(2.5)

The conservative variable vector, Q, and primitive variable vector, q, respectively,

Q={ Pl

and

JO ° , , TPN pu pv pw Plenl P2en2 ... P3lenM pc 0 (2.6)
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q = Pl P2 "" PN u v w ¢nl en2 ... enM p (2.7)

The variables of the vectors represented by Equations 2.6 and 2.7 are the un-

knowns that describe the flow field. Either vector can be used, but for simplifying some

calculations, GASP seeks solutions for the primitive variables.

The next vector in Equation 2.5 is the inviscid flux vector, F. fi, which is expanded

as:

Pl (V. fi)

px(V

pu(V. fi) +fizp

pv(V. fi) + fiyp

pw(V. fi) + ¢_zP

Plenl(V. fi)

P2en2 (V- fi)

PMCuM (V. fi)

pho(V . fi)

(2.8)
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This portionof tile Navier Stokesequationsrepresentstheconvectionterms,that

is, tile termsthat providefor thebulk motionof mass,momentum,andenergythrough

the boundariesof acell. Notethat V is the localvelocityandfi is tile outwarddirected

surfacenormalof a cellface.

Theviscousflux vector,F v - fi, is tile next vector in Equation 2.5 and expands as:

-p2 2 .

-PNgN • fi

T. fi

--Vqn I • fi

--Vqn 2 • fi

(2.9)

This vector contains the portion of the Navier-Stokes equations responsible for

species diffusion, momentum reduction from viscous stress, and conduction of heat. In

Equation 2.9, _i is the mass diffusion coefficient of the ith species, Vq is the heat flux



gradient,andT is tile viscous stress tensor, which is defined as:

4O

T_

_x _y _z

_x _y _z

(2.10)

For a Newtonian fluid, the shear stress tensor is linearly det)endent oil the strain rate

through the viscosity coefficient, p.

Finally, the chemical source vector of Equation 2.5, S, is expanded as:

S

_bl

i'N

0

0

0

Plenl + Plenl

/52en2 + p2en2

15MenM + P2ilenM

0

(2.11)
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Thechemicalsourcevectorconsistsof thespeciesandnon-equilibriumproduction

terms.ThesourcetermsinEquation2.11areneededto computehightemperatureflows

with reactingchemistry.Generally,for a non-reactingor a singlespeciesgasflow, this

vectordoesnot contributeto theNavier Stokesflowfieldsolution.Forthepresentstudy,

the chemicalsourceterm wasnot neededin the CFD calculations.

The solutionof Equation2.5requiresknowledgeof thecellfacevariablesto eval-

uatefluxesin andout of thecell. However,only cell averagedvaluesareavailablefrom

the discretizedfinite volumecomputationaldomain. The method,appliedto extract

tile cell facevariablesusingcell averagedvalues,is calledreconstruction.Thevariable

reconstructionmethodusedin GASP is the MonotonicUpstreamcenteredSchemefor

ConservativeLaws(MUSCL)andis givenby the followingformulation:

= qi+_[(1-n)(qi-qi-1)+(l+n)(qi+l-qi)]

= qi- _[(1 + _;)(qi- qi-1) + (1- h:)(qi+l -qi)]
(2.12)

where¢ definesthe overallschemeaccuracyaseither 1storder (¢ = 0) or higherorder

(¢ = 1)and n definesthe higherorderreconstructionspatialaccuracy.With ¢ = 1,for

example,n = -1 produces a backward gradient, 2nd-order upwind scheme, n = 0 yields

Fromm's scheme, which is 2nd-order accurate and uses a symmetric gradient, n = 1/3

produces a 3rd-order, quadratic scheme, and _ = 1 generates a forward gradient, central

l
difference scheme. Note that the right face of a cell (i = 1/2) is given by qi+1/2' and

the left face of a cell (i = -1/2) by qr_l/2, in Equation 2.12.
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To effectivelyapply the MUSCLschemeand obtainsolutionsof a flow field with

shockwaw',discontinuities,limiting of the higherorder portion to valuesnearthoseof

adjacentcellsis required. Limiting allowsa solutionto remainboundedand controls

oscillationsof thecellvaluesnearthe discontinuity.

After properlydiscretizingthe governingequations(SeeEquation2.5.),applying

the secondaryequationsto closethe governingequationset, and specifyingthe initial

and boundaryconditionsto the computationaldomain,the computationalistneedsa

numericalmethodto yield a solutionof the flow field. For the presentapplication,the

implicit Jacobitime integrationprovidedthe iterativeschemeto producethe converged

solution.

Other applicationsof the GASPcodearepresentedsubsequently.Olynick and

Henline[57]report a benchmarkstudyusingGASPto predictheatingfor thermalpro-

tectionsystemsfor the RLV vehicle.Olynickand Tam [58]havevalidatedthe GASP

predicted heating by comparing their results with Shuttle Orbiter surface heating mea-

surements obtained during the STS-2 flight. GASP has also been applied to a number of

high priority NASA studies recently: Gnoffo et al. [31] review the CFD algorithms that

have been used for studies of hypersonic aerothermodynamics for various vehicles and

cite that GASP has provided high quality, low cost solutions quickly for X-33 thermal

protection system (TPS) sizing. The X-33 vehicle is a concept demonstrator for the

RLV. Additionally, the GASP algorithm has been applied to the X-38 vehicle, a NASA

Johnson Space Flight Center concept for an emergency crew return vehicle from the

International Space Station (ISS). The X-38 studies provided code validation by com-

paring with Mach 6 and 10 wind tunnel aerodynamic and aerothermodynamic results
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and predictionsof the radiationequilibrium surfacetemperaturealongthe projected

flight profile for TPSsizing(Campbellet al. [14]andLoomiset al. [46]).

Holdeneta]. [37]haveappliedGASPto validatetheLargeEnergyNationalShock

Tunnel (LENS) test stream at 5 MJ/kg and 10 MJ/kg enthalpy levels for planetary

probe entry studies. Also reported by Holden et al. [37] was a comparison of the GASP

laminar and turbulent film cooling results for a hypersonic interceptor-seeker aperture

with experimental results obtained from the LENS. Another recent application of the

GASP has been to provide a numerical solution for an experimentally simulated tirol

injection and mixing SCRAMjet engine study (Fuller [24]). After Helium was injected at

Math 1.7 into a Mach 6 free stream nitrogen-oxygen mixture, a comparison of the CFD

solution with the experimental results showed a generally good agreement (Fuller [24]).

2.3.2 Direct Simulation Monte Carlo

In contrast, a solution of rarefied and free-molecular flow requires a different ap-

proach than that of the continuum regime. The solution must account for the molecular

behavior consisting of the random motion of individnal molecules colliding with one

another. Because the properties of a rarefied or free-molecular flow depend on the statis-

tical nature of molecular motion rather than by the average control volume approach of

a continuum flow, the CFD technique is not, in general, applicable to flow in the rarefied

regime. The Knudsen number, Kn, is a useful non-dimensional t)arameter to quantify the

rarefaction of a flow. The Kn is the ratio of the molecular mean free path, ,_, to a char-

acteristic length scale, L. The rarefied regime is defined by flow with 0.001 < Kn < 10

(Haas et al. [35]).
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Numerical studies based on a statistical molecular model are required for a rarefied

or free molecular flow solution because the complex construct of the Boltzmann equation,

which describes fluid motion by the kinetic: theory, does not yield analytic solutions

for real gases. Before discussing the present numerical solution method, a historical

perspective of tile development of the governing Boltzmann equation is presented.

2.3.2.1 Historical Perspective of Kinetic Theory

A thorough history of the events, which lead to the present understanding of

molecular gas dynamics, is given in the classic text by Chapman and Cowling [17]. A

summary of some significant milestones, taken from their textbook [17], are presented in

this section.

In early, ancient Greece, Democritus and Epicurrus and later Lucretius, first

realized that matter consisted of particles at the atomic scale. But little advancement

occurred until, from about 1650 to 1750, some aspects of the kinetic theory were being

studied independently by Gassendi, Hooke, and D. Bernoulli. It was not, however,

until the mid-1800's to early 1900's that progress toward defining the kinetic theory was

revived by Clausius, Maxwell, and Boltzmann, who developed a physical description

of gases at the atonlic level, which is the basis of our current understanding. Hence,

Clausius, Maxwell, and Boltzmann are now known as the founders of the kinetic theory

of gases. :

Maxwell proposed a law for a uniform gas in an equilibrium state, which charac-

terized the molecular velocity distribution. Discussions with others at that time led to

the science of statistical mechanics and some developments in the quantum theory. In
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1866,Maxwell nlathematicallydescribeda non-uniformgasby deriving the equations

of transfer. Theseequationsstatedthat the rate of change of a molecular property is

divided into molecular collision effects, the molecular motion from one point to another,

and contributions from external forces. Further, he modeled molecules as a single point,

center of force with the force varying with distance to the power i/n; Maxwell incorrectly

assigned n as 5 for gases as later experiments would prove. However, this early work lead

to the first accurate theory to determine viscosity, thermal conductivity, and diffusion

coefficients for gases.

Boltzmann, in 1872, developed his H-theorem, which showed that if a gas is al-

lowed to proceed to a steady state condition, regardless of the initial condition, it would

arrive at Maxwell's velocity distribution. As a consequence, the theorem strengthened

tile results of the early work of Maxwell. Additionally, during this time, Boltzmann intro-

duced his famous integro-differential relationship that descrihes the velocity distribution

function for a non-uniform gas. Bird [11] presents the Boltzlnann equation as:

d(nf) +c- (nf) + F- (nf)= n2(f*fl-ffl)Cradadcl
OC

(2.13)

The terms of the Boltzmann equation are developed for a phase space element of dimen-

sions dedr. The leading term on tile left-hand-side of Equation 2.13 accounts for the

time rate of change of molecules in the element. The next two terms, c • 7_r(nf) and

F. _e (n f), are surface convection terms that describe the effect of molecular velocity and

external forces, respectively, on molecules, which move across the element face. Finally,
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tile total rateof increaseof (:lassc moleculesbecauseof collisionsis givenbythe integral

relationon tile right-hand-sideof tile Boltzmannequation.

Returningto thehistoricalaccountgivenby ChapmanandCowling[17],Maxwell,

in 1879,presentedresultsfor a rarefiedgas that showedstresswould result from a

temperaturedifferenceandthe velocitydistribution function wouldtake the form f =

fo(1 + 62), where fo is the equilibrium portion of f and tile function O accounts for

perturbations from the equilibrium state. The functional form of • was also determined

from Maxwell's equations of transfer. In 1880, Boltzmann reviewed Maxwell's results

and remarked that solutions for the integral form of f could not easily be obtained for

molecules represented by "elastic spheres"; instead, solutions could only be obtained if

Maxwellian molecules (n = 5) were assumed.

The next advancement in tile description of a non-uniform gas was made by

Lorentz in tlle early 1900's. He extended the theory to a mixture of heavy and light

molecules by ignoring collisions between light molecules. His solution of the Boltzmann

equation was exact and was a limiting case, which he used to describe electron motion in

a metal. When Bohr generalized Lorentz's theory, he found that electrical and thermal

conductivity could be established as tile solution of a Fredholm type integral equation.

Chapman and Cowling [17] further explain that Enskog, in 1911, also followed

Lorentz's gas mixture model to calculate thermal diffusion for a Lorentzian gas with a

temperature gradient. In addition, he discovered that results based on tile expansion of

f = fo(1 + _b) by Boltzmann lead to complex cah:ulations for a simple gas and a gas

mixture. For the mixture, it required molecules to be unsymmetric.
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OtherearlytwentiethcenturydevelopmentsinsolvingBoltzmann'sequationwere

beingpursued[17]. For a rigid sphericalmolecule,Hilbert, in 1912,theorizedthat the

solutionof the BoltzmannequationshouMbe in theform of an infinite seriesof linear

integralequations.However,hedid not obtaina solution. ILL1915,Pidduckemployed

Hilbert's transformationandobtainedtile first accuratesolutionsfor tile diffusionco-

efficientof a non-Maxwellianor non-Lorentziangas.But the solutionwasspecificand

labor intensiveandrequiredrepeatingall calculationsfor eachease.

Chapman,independentof Enskog,in 1912usedMaxwell's functional form of

f = fo(1 + _) to produce a general expression for the viscosity and conduction coeffi-

cients of both a simple gas and a gas mixture. TILe functional form of • was of third

degree in velocity components. Ill 1933, Burnett fllrther expanded tile solution method

of Chapman and Enskog using Sonine polynomials to describe f. Chapman and Cowl-

ing [17] suggest that Burnett's contribution was one of the final improvements to tile

general kinetic theory of non-uniform, dilute gases. Since the last publication of their

text [17] in 1952, however, many advances in the solution of non-uniform, dilute gas flows

have taken place. Tile most notable, which has gained wide acceptance, is the direct

simulation Monte Carlo (DSMC) method developed by Bird [9] and [11].

In his text, Bird [11] provides a history of the more recent techniques to obtain

solutions to non-uniform gas flows. The following account of some of these techniques is

taken from Bird [11].

Except for the application to special cases, the complexity of the Boltzmann

equation (See Equation 2.13.) precludes an analytic solution of a general flow field.

Additionally, flows with reacting chemistry and thermal radiation components cannot
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besolvedby tile Boltzmannequationbecauseit wasnot developedfor theseflow types.

Therefore,someindirectapproacheshavebeenformulatedfor approximateanalyticsolu-

tionsof specialcases.Forexample,Cercignani,in 1969,presenteda solutionmethodfor

smallperturbations,which linearizestile Boltzmannequation.However,the linearized

Boltzmannequationhaslimited practicalapplication.

Somesolutionmethodsrely on assumingcertainpropertiesor functionalforms

of the velocity distribution fimction and areknownas momentmethods. A common

approachis to multiply the tile Boltzmannequationby a molecularquantity, Q, and

integrate over the velocity space. The five moment Navier Stokes equations are obtained

by assigning Q = rn, mV, and ½ml/2 and arguing that mass, momentum, and kinetic

energy are conserved in a collision. By adding other quantities to Q (shear stress and

heat flux), Grad developed his Thirteen Moment Equations.

In addition to indirect approaches, direct numerical procedures have been at-

tempted using finite difference and finite element formulations to discretize the Boltz-

mann equation as outlined by Bird [11]. Nordsieck, Hicks, and Yen, in the early 1970's,

produced a solution to a simple one-dimensional, steady-state prot)lem by applying finite

differences to the "fluid-like" terms on the left side of Equation 2.13 and Monte Carlo

samt)ling to the collision term on the right side. Systematic errors lead to some difficulty;

however, the results proved to be satisfactory. Recently, around 1990, two-dimensional,

steady flow problems were attempted independently by Tcheremissine and Tan. Al-

though adequate solutions were obtained, a computational difficulty was encountered in

specifying a grid to bound velocity space, which extends from zero to infinity.
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Tile first techniquesto physicallysimulatetile flowweretile moleculardynamics

(MD) methodsdevelopedby Alder and Wainwright in 1957(SeeBird [11].). Their

methodrequiredthat tile numberof simulatedmoleculesbe inverselyrelatedto the

actualnumberof localmolecules.Therefore,tile methodis bettersuitedfor simulating

denseflowrather than rarefiedflow,wherea typicalproblemmayrequiretracking1020

simulatedmolecules.

Tile first probabilisticsimulationmethod,developedby Davisin 1960and Hav-

iland and Lavin in 1962,hasbeennamedthe test-particleMonteCarlo method[11].

Theschemerequiresanestimateof thevelocitydistributionflmction for the entireflow

field, whichservesasan initial target distribution. Trajectoriesof many test particles

arecalculatedfromthetargetvelocitydistributionandcollidewith targetparticles.The

resultingtest particle velocityhistoriescollectivelyproducea new target velocitydis-

tribution. The processis repeateduntil the currentandresultingvelocitydistribution

functionsconverge.Note that simulationswith this methodarebest suitedfor highly

rarefiedor collisionlessflows.Forthe later,molecularreflectionsaremainly fromsurface

interactionsand molecule-to-moleculecollisions,whichare computationallyintensive,

canbe ignored.

A refinementto the testparticle methodis to simultaneouslytrack, in time, a

largenumberof sinmlatedmolecules.Ratherthancomputingthe distribution flmction

in velocityspacefor a largenumberof resultanttestparticlecollisions,computationsof

themovementandcollisionof individualsimulatedmoleculesaremadein physicalspace

composedof a networkof cells,which bound the flow field. This techniqueis called
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the direct simulationMonte Carlo (DSMC) method. The principle limiting assmnp-

tion of the DSMCmethodis that the simulatedmoleculemovement(:anbc uncoupled

from molecularcollisionsby introducinga movementtime stepsmallerthan the mean

time betweencollisions.Bird, in 1962,wasthe first to implementsucha method(See

Bird [11].).

The DSMC methodhassomeof the samelimitations as the Boltzmannequa-

tion: that is, the methodwasdevelopedfor binarycollisions,whenmolecularcollisions

are treatedas discreteevents,and whenthe gas is in a stateof molecularchaos(See

Bird [11].). Also, implicit with DSMCis that the gasis dilute with small intermolecu-

lar forces,whichare thereforeusuallynegligible.A differencebetweenthe Boltzmann

equationand DSMC methodis that the dependentvariablefor the Boltzmannequa-

tion is thevelocitydistributionfunctionin phasespacefor an infinitely largepopulation

of molecules,whereas,DSMCrequiresonly the trackingof motionand collisionsfor a

discretenumberof simulatedmolecules,whichrepresentthe motion of real molecules.

Other significantdifferencesbetweenthetwo are that the DSMCmethoddoesnot rely

on inversecollisionsand it allowsfor applicationto multi-specieschemicallyreacting

flows,whicharenot attainableby the Boltzmannequation.

Additionally,Bird [11]discussessomespecificissuesa_ssociatedwith the DSMC

method.First, a largenumberofsamplesarerequiredinasimulationto reducestatistical

fluctuations,whichareinverselyproportionalto thesquarerootof thenuinberof samples.

But recentcomputeradvancementshave,to somedegree,minimizedthis concernbecause

of the rapid computationalspeedincrease.Next, the DSMC methodmay introduce

randomwalksinto asolutionbecausemolecularquantitiesareconservedon the average,
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but maynot beconservedexactlyfor eachdiscreteevent.Also, round-offerrorsin the

velocitycomponentsand energiesexistbecauseof thediscretearithmeticof computers.

Lastly,if an inadequatenumberof simulated molecules are in a cell, the extremes of the

distribution flmction may not be accurately approximated by the small sample set of

molecules.

2.3.2.2 Application of the Solution Technique

As discussed in tile previous section, tile DSMC technique is valid for any flow

field simulation of a dilute gas that is not influenced by a highly ionized plasma because

it is developed directly on relationships, which form the basis of the kinetic theory of

gases (Bird [9] and [11]). The DSMC method does not solve a set of equations to produce

a solution of the flow field, but rather it statistically tracks movements and collisions

of simulated molecules, each of which represent an average of many molecules. The

velocity and position of simulated molecules are allowed to change within and through

the boundaries of a fixed number of cells in a discretized computational space as time

is advanced. Statistical probability determines post-collision velocities of interacting

molecules. After many time steps, average macroscopic ga_s properties of the sinmlated

molecules in each cell produce a flow solution within the boundaries of the domain.

Likewise, surface properties are determined by averaging many molecular wall collisions,

which exchange momentum and energy at the wall boundary (See Bird [9] and [11] for

a complete description of the technique.).

Two programs are used to apply the DSMC simulation for the present study:

The G2 code of Bird [10] is used for a molecular simulation of the plate floe," with no
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jet interaction to determinethe degreeof rarefactionof the plate flow. The DSMC

AnalysisCode(DAC) of LeBeau(LeBeau[44],GlassandLeBeau[30],and Wilmoth et

al. [94])is usedto apply the DSMCsimulationfor the jet interactionsimulations.The

Larsen-Borgnakkemodel(BorgnakkeandLarsen [12]) is used in G2 and DAC to account

for energy transfer between kinetic and molecular internal energy modes. For DAC,

domain boundaries of vacuum, free stream, and symmetry, and wall boundaries of solid,

outgassing, inflow, and outflow are currently available. Multiple species simulations

with variable wall molecular reflectivity and variable temperature are also available.

Presently, DAC is a beta version research computer program under development and

references for the program are few; however, early results are quite promising. Results

reported by Wihnoth et al. [94] show good agreement between DAC and other DSMC

implementations.

DAC is not a single DSMC solution program but rather a series of computer

programs: a geometry, grid, and boundary condition preprocessor (predac); a program

to execute the molecular simulation in serial or in parallel (dac and ddac, respectively);

and solution post-processors (slice and sprop) (In parenthesis are the DAC executable

names.). The parallel DAC execution program is written with message passing inter-

face (MPI) (See Message Passing Interface Forum [50].) subroutine calls in the software

algorithms, which allows it to take advantage of memory and parallel processing ca-

pabilities of program execution on multi-processor and multiple-networked computers.

For the present study, DAC employs the use of the Local Area Multicomputer (LAM)

(Ohio Supercomputer Center [56]) version of MPI to provide code execution on local

SGI workstations with R10000 processors and the Cray Message Passing Toolkit (MPT)
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softwarefor codeexecutionoil tile massivelyparallelprocessor(MPP) SGI/Cray T3E

at the NASAGoddardSpaceFlight Center.

Givenin the next two chapters, specific: details of the present hybrid uncoupled

CFD DSMC technique will be presented and the technique will be applied to two dif-

ferent jet interactions: a flat plate experiment performed by Warburton [88] and an

actively controlled aerobraking maneuver of the Mars Global Surveyor (MGS), which

was previously studied by Shane et al. [76] and Shane [77]. Application of the method

to these two problems will show the suitability of the uncoupled technique to predict jet

interactions at the two distinctly different rarefied free stream conditions. The Knudsen

number based on jet exit diameter is Kr_d = 0.038 for the flat plate experiment and

Kn d = 49 for the MGS aerobraking maneuver. It is important to note that for jet in-

teractions in the rarefied flow regime, the free stream density may change over several

orders of magnitude depending on the altitude; therefore, the magnitude of Ks d will

likewise change.
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Jet Interaction with

Transitional-Rarefied Flow over Flat Plate

A numerical simulation of a jet interaction experiment on a flat plate test appa-

ratus, which was performed by Warburton [88], is presented in this chapter. The experi-

ment was conducted with a free stream flow at the overlap between the transitional and

rarefied regimes. Because jet interactions are influenced by the flow properties of both

the free stream and jet, modeling this experimental test condition provides a unique

opportunity to establish the extent of the jet interaction influence with a free stream

flow in the overlap transitional rarefied flow regime. Understanding gained in modeling

the experiment can be extended to modeling jet interactions on flight vehicles at similar

flow conditions.

3.1 Discussion of the Jet Interaction Experiment

The present three-dinmnsional numerical study models the geometry and test

conditions of an experiment recently completed in the Low Density Tunnel (LDT) at the

DERA in Farnborough by Warburton [88]. A sonic jet was released through a circular

nozzle exit on the planar surface of a sharp leading edged flat plate at zero incidence.

The jet interacted with a rarefied nitrogen free stream at Math 9.84, which produced

a three-dimensional jet interaction flow field. Static temperature and static pressure of

the free stream were 65K and 5.4 Pa, respectively. Four jet gases were used during the
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experiment:helium,nitrogen,argon,andcarbondioxideat plenumor total temperature

of 300K and plenumor total pressuresof 17.4,34.5,and 51.7kPa (2.5, 5.0, and 7.5

psia),whichprovides12jet interactionsof varying strength. The free stream flow of

the experiment was fixed and had a mean free path, ,_, of approximately 0.2 mm. The

altitude with an equivalent mean free path is about 60 kilometers above the earth surface

(COESA [18]). The Knudsen numl)er, Knd, is 0.038 based on the free stream mean free

path and the orifice diameter of 4 ram. This Knudsen number is at the transitional

overlap between the continuum and rarefied flow regimes, and for the present study, the

regime is termed the transitional rarefied regime. A sketch showing the test apparatus

and pertinent geometric dimensions of the flat plate model used for the experimental

study is shown in Figure 3.1.

A brief outline of the current solution methodology for a cross-flow jet interacting

with a transitional rarefied flow is given next in this section; complete details of the

method are presented in Section 3.3.2. To uncouple the continuum jet from the sur-

rounding rarefied flow and interaction region, a boundary between the two regions must

be established. The Bird breakdown parameter defines such a surface boundary as a

function of flow field rarefaction. The breakdown surface can be determined from a CFD

solution of an expanding nozzle flow. Because the experiment of Warburton consisted

of 12 different jet interactions of various strengths, by applying CFD to each of the jet

interaction cases and analyzing the extent of the breakdown surface of the expanding

jet before the interaction interface between the jet and free stream fluid, a functional

relationship between a correlation parameter and the Bird breakdown parameter can be

obtained for this Kn d = 0.038 condition. Although CFD does not strictly apply in the
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Fig. 3.1. Schematic diagram of the jet interaction flat platie model.
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rarefiedregimeof the flow field, it doesapply in tile continuumjet plumeregion.The

keyto uncouplingthejet fromthe restof theexternalflow is to determinea breakdown

parametermunber,P, for the jet plmne prior to the interaction interface within which

the jet plume flow is not influenced by the interaction. After the appropriate correlation

of the jet strength as a function of P is determined, an uncoupled CFD -DSMC solution

can be obtained.

The proposed nlethod is to first apply CFD to all of the interacting jet cases

of Warburton [88], analyze each solution in the near jet plume region, and establish a

functional relation for the plume breakdown parameter value where the CFD DSMC

interface should be placed. Once the functional relation is determined, an axisymmetric

solution of the expanding jet by CFD can be analyzed and a surface defined for an

appropriate breakdown parameter value that assures the breakdown surface is not in the

interacting regime. This breakdown surface can then be used as a jet inflow boundary

condition for a DSMC solution of the outer and interacting flow regions.

It is important to note that by allowing the continuum portion of the higher

density jet flow external to the nozzle exit to be determined by CFD, significant compu-

tational savings can be realized by not having to simulate that flow with DSMC. Thus,

by obtaining a CFD solution for an expanding jet, determining the flow properties on a

suitable breakdown surface, and applying those jet plume flow properties and the geom-

etry of the breakdown surface as an inflow boundary to a DSMC solution, the two flow

regimes are uncoupled and an accurate sinnflation of the jet interaction can be obtained.
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The freestreamnitrogenflow about the sharpleadingedgedflat plate of the

Warbm'ton[88]experimenthasa nominalMachnumberof 9.84,static temperatureof

65K,andstatic pressureof 5.4Pa,whichresultsin a freestreamunit ReynoldsNmnber,

Re_ of 105971/mor a Reynoldsnumberbasedon the plate length,ReL of 15,900. A

hypersonic, low Reynolds number flow over a flat plate will exhibit viscous interaction,

and, for this case, if the viscous interaction is strong enough, a degree of flow rarefaction.

To determine the strength of the viscous interaction and extent of rarefaction, flow over

the flat plate with no jet interaction is analyzed. First an evaluation of the flat plate

flow based on tile two common viscous interaction parameters X and V is given; then,

an application of the DSIvIC teclinique to the flat plate flow by the G2 code (Bird [10]) is

presented to provide an assessment of the flow rarefaction based on the velocity slip and

temperature slip at tile edge of the Knudsen layer of the flat plate flow. The Knudsen

layer is the non-continuum gas layer one local nman free path from a surface (Gupta and

Simmonds [33] and Gupta et al. [34]).

3.2.1 Common Viscous interaction Parameters

A viscous interaction occurs for a hypersonic flow when tile developing boundary

layer displaces and interacts with the free stream and causes a compression, which inter-

acts with the boundary layer. For low density, hypersonic flows with a strong interaction

between the free stream and developing viscous layer, the two regions become coincident

1

__--_
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and merge.Flow rarefactionin a mergedlayeris significantbecausethe velocityslip

andtemperaturejump arelargein theregion(Mosset al. [52]).

The_ viscousinteractionparameterprovidesan indicationof thestrengthof the

inducedpressurechangeoil the surfaceof the flat plate becauseof the boundarylayer

displacementof the freestreamflowandresultantflowcompression._ is defnedas:

M 3

_= _4-d (3.1)

where C is the Chapman-Rubesin constant (Moss [52]). The other viscous interaction

parameter, V, is defined as:

I7_ X
M2 (3.2)

(X3

and is more appropriate for correlating pressure coefficient and force coefficients because

these coefficients are normalized by the dynamic pressure, which is directly proportional

to the square of the free stream Mach number.

Both viscous interaction parameters, _ and V, given by Equations 3.1 and 3.2

were calculated for the zero incidence flat plate with the free stream flow conditions of

the experiment (Warburton [88]) to evaluate the strength of the viscous interaction of the

flat plate flow. The results of the calculations are presented in Figure 3.2. Anderson [7]

states that _ greater than 3 is a strong viscous interaction region, and Moss et al. [52]

state that a value of V greater than 0.15 is a merged layer region. Using these criteria,

Figure 3.2 shows that the flow over the plate is entirely dominated by a strong viscous

interaction; that is, the local induced pressure is much greater than the inviscid value of
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tile free stream static pressure, mid the forward 22% of the fiat plate flow is a merged layer

region where the compression shock and viscous boundary layer are indistingnishable.

Thus, the analysis based on viscous interaction parameters shows, with no jet interaction,

a significant portion of the flat plate flow will have rarefaction eff(_cts present.

3.2.2 DSMC Modeling by the G2 Code

To fllrther quantify tile extent of the flat plate flow rarefaction, a two-dimensional

molecular sinmlation of the flow over the upper portion of the _at plate at the experimen-

tal test condition has been performed using the Bird G2 code (Bird [10]). Free stream

flow conditions used are a bulk velocity, V, of 1617.1 m/s, static temperature, T, of 65K

and number density, n, of 6.018x1021 molecules/m 3. The nitrogen free stream gas was

modeled as a variable hard sphere (VHS) with a reference diameter of 4.07x10 -10 m at

300K, a temperature-viscosity coefficient of 0.75, and a molecular mass of 4.65x10 -26 kg.

Also, two degrees of freedom were included in the rotational portion of the energy bal-

ance because nitrogen is a diatomic molecule. Tile ratio of real to simulated molecules

was 3.01x1013 and the cell dimension normal to the wall was at least one-quarter of the

free stream mean free t)ath, which yielded normal cell spacing of 50/_m and a simulation

time step of 0.25 lzsec. Moss et al. [53] performed a grid sensitivity study with the G2

code on viscous interactions and showed grid independence was achieved for normal cell

resolution of 0.35 of tile local mean free path. Therefore, the grid spacing normal to the

wall for the present two-dimensional DSMC implementation is sufficient to capture the

local viscous effects and allow an analysis of the velocity slip and temperature slip at the

edge of the Knudsen layer.
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The DSMC calculationproceededin time for 0.5 msec(or 2000time steps)to

allow the numberof simulatedmoleculesin the domainto becomeconstantat about

1.8million. Then,the samplingregisterswereclearedandsteadystatesamplingbegan.

Steadystatesamplingcontinuedfor another4.0msec(or 16thousandtime steps)until

greaterthan 10,000surfacesampleswereobtainedat eachcell interfacewith the plate

boundaryto reducestatistical scatter. The statisticalfluctuationsassociatedwith the

DSMC techniquedecreaseapproximatelywith the inverseof tile squareroot of the

numberof samples(Bird [11]);therefore,forexample,10,000surfacesampleswill produce

a solutionwith statisticalfluctuationsof aboutonepercentin the surfacequantitybeing

sought.

Shownin Figure3.3arenumberdensitycontoursfrom the G2 two-dimensional

molecularsimulationof thefiat plateflow. Thenumberdensityhasbeennormalizedby

Loschmidt'snumber,no, which is the standardnumberdensityof air at a pressureof

101,325Paanda temperatureof 0°C.Thecompressionwaveshownin thefigureabove

the zeroincidenceuppersurfaceis causedby the freestreamflowbeingturned by tile

developingviscousboundarylayernearthe wall.

The regionoccupiedby the DSMC solutiondomain is shownby the number

densitycontoursin Figure3.3. Notethat modeledin thedomainaretheregionsforward

of the platesharpleadingedge,adjacentto the plate,andbehindthe plate. Tile free

streamcondition is appliedto all domainboundariesexceptthe solid surfaceof the

platel whichis held at a constanttemperatureof 300Kandtreatedasdiffusewith flfil

momentumand thermal accommodation.The horizontalboundarybehindthe plate
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surface has a vacuum boundary condition that simulates the effect of tile plate wake

region on the flow.

The extent of the viscous boundary layer above the flat plate is shown ill Fig-

ure 3.4. All analysis of the local flow field was performed to determine the boundary

layer edge, 50.99 , defined as the location above the plate surface with a velocity that is

99% of the flee stre.am velocity (or 0.99 V_c ). The location of the boundary layer edge

is shown in Figure 3.4 by the solid line. Boundary layer growth is nearly constant over

the plate fronl the leading edge to the trailing edge where tile boundary layer is about

0.030 m thick. Such a steady thickening of the t)oundary layer, as shown in the figure,

substantiates the merged layer and strong interaction behavior predicted by tile viscous

interaction parameters, _ and V, respectively, which was discussed previously and shown

in Figure 3.2.

The local Knudsen number, Knl, of the upper surface flat plate flow is also shown

in Figure 3.4 as a dashed line. The local Knudsen number is defined as:

(3.3)
Knl -- (_0.99

and indicates the percentage of the viscous layer occupied by the Knudsen layer next

to the wall. Near the sharp leading edge, the Knudsen layer is greater than 10% of

the viscous layer thickness. The percentage of the Knudsen layer in the viscous layer

decreases downstream of the leading edge to about 2% of the total thickness at the plat(;

trailing edge; however, note that the local mean free path has increased from the free
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streamvalueof about0.2mm at the plateleadingedgeto a valuegreaterthan0.6mm

at theplate trailing edge.

Thecellresolutionof theDSMCdomainwassetto at leastone-quarterofthe local

meanfreepath normalto the platesurfaceto ensuregrid independenceof tile solution

and allow the velocityandtemperatureat the edgeof the plate flow Knudsenlayerto

be evaluated.To quantitativelyevaluatethe velocity slip, the temperatureslip, and

determinetherelativedegreeof flowrarefaction,twovariables,thenormalizedKnudsen

layeredgevelocity,..V*Kn, and the normalized Knudsen layer edge temperature, T_gn, are

defined, respectively, as:

* - VKn (3.4)vk,,

and

TKn (3.5)T* --

Kn Twal I

where the subscripts Kn, :xD, and wall in Equations 3.4 and 3.5 refer to the properties

at the edge of the Knudsen layer, in the free stream, and at. the wall, respectively..The

definitions given as Equations 3.4 and 3.5 show that in the continuum limit V*Kn goes to

zero, and T_( n goes to one. Variance from these continuum limits indicates the degree

of rarefaction of the flow in the viscous layer near the wall.

Figure 3.5 shows the results of the flow field analysis at the edge of the Kmldsen

layer. Plotted as a function of distance from the plate leading edge are the slip indicators:

normalized Kmldsen layer edge velocity and temperature ( V*Kn and 2r_n, respectively).
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Tile velocityat the edgeof theKnudsenlayer is greater than thirty percent of the free

stream velocity near the plate leading edge and decreases to about ten percent of the

free stream velocity near the aft end of the plate. The temperature at the edge of the

Knudsen layer is ahnost twice the wall temperature near the leading edge and decreases

to about one and one-quarter times the wall temperature over the aft region of the plate.

Results of tile analysis shown on Figure 3.5 show that there is significant velocity and

temperature slip over the forward portion of the plate, which moderates as the viscous

layer develops. Therefore, the analysis of the flat plate flow molecular simulation at the

experimental test condition with no jet interaction shows slip at the wall is significant

and must be properly modeled numerically to capture the wall viscous effects for the jet

interaction flow simulation.

3.3 Uncoupled Technique for Transitional-Rarefied Flow

Two types of flow solutions are presented for the fiat plate jet interaction problem:

a complete CFD solution and an uncoupled CFD DSMC solution. The CFD solution of

the interacting flow is from a direct application of the GASP (AeroSoft [2]) computer pro-

gram to the given boundary conditions of the problem, which provides a suitable jet flow

field solution that is analyzed to determine the appropriate uncoupling surface between

the continuum jet and interacting flow. The approach taken to produce a CFD DSMC

solution is to uncouple the plume of the jet from the rest of tile external flow field at the

continuum surface and solve the interacting flow by the DSMC method. By uncoupling

the jet flow, a molecular simulation is not applied to the high density continuum jet
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plumejust outsideof the nozzleexit, thusreducingcomputationalrequirements.How-

ever,the difficulty for the uncoupledCFD DSMCsolutionin the transitional rarefied

flowregimeisdefiningtile locationof thesurfaceboundarywherethejet beginsto inter-

act with the rarefiedfreestream.The goalis to avoida coupled CFD DSMC solution,

which would require iterative steps between the CFD and DSMC.

3.3.1 CFD Modeling of the Jet Interaction

An isometric drawing showing the volume of the CFD computational domain is

given in Figure 3.6. The domain extends 0.1 m behind the fiat plate and includes the

region under the plate. Any effect on the upper fiat plate flow from the lower plate

wake influence should be captured by including the lower plate and wake regions in the

computational domain. Additionally, the computational domain includes the subsonic

portion of the nozzle from the plenum chamber boundary condition to the nozzle exit at

the fiat plate surface. Tile nozzle has a no slip wall boundary condition, which provides

for nozzle boundary layer development. The fiat plate is 0.150 m long and 0.210 m

wide; however, because symmetry exists along the x-z plane midway of the plate, only

one-half of the flow field was modeled computationally. Figure 3.6 shows tile x-z plane

of symmetry.

The CFD domain contains six zones (also called blocks). By dividing the domain

into smaller regions, fewer computer memory resources are used when processing a solu-

tion as compared to a domain without such a multi-zone (or multi-block) arrangement.

The multi-zone arrangement also allowed for the nozzle zone and zone above the nozzle,

which are constructed using a cylindrical coordinate system, to be connected to adjacent
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zonesdescribedby a Cartesiancoordinatesystem.A total of 319,488cellsareusedto

describethe flowdomain;themaximumnumberof cellsin anyonezoneis 98,304.Dur-

ing the numericaltime integrationof a solution,flux vectorinformationwasallowedto

passin both directionsbetweenboundariesof zonesto ensurethat no informationwas

lostbetweenzones.

The numberof cellsin eachdirectionof a zoneis divisibleby four to allowmesh

sequencingto be appliedto the computationalsolution. Within the structureof tile

GASPCFD program,a coarsemeshsolutioncanbe interpolatedasan initial condition

to afinermesh.Forthejet interactionproblem,threelevelsof meshsequencingareused.

Meshsequencingcandrasticallyreducethe time requiredto iteratea CFD solutionto

convergence(McGroryet al. [49]andAeroSoft[2]).

The computationalsolution from the GASPrequiresinviscidand viscousflux

models,chemistry,and boundaryconditions be specified. The inviscid flux scheme of

Roe is applied to the nozzle zone, and the inviscid flux scheme of van Leer is applied to

all other zones. Reconstruction with flux linfiting is accomplished using the method of

van Albada with third-order, upwind biased accuracy. The laminar viscous flux model

with all thin layer and cross flow terms (full Navier Stokes approximation) is applied for

the solution scheme. A second-order accurate gradient applies to "+'all calculated quanti-

ties (that is, heat flux, skin friction, etc.). Sutherland's law with Wilke's mixing model

specifies viscosity and conductivity transport properties for closure of the momentum

and energy equations. Flow chemistry is modeled as a two-species, frozen mixture in

translational and rotational equilibrium. The nozzle gas is modeled as one of the species

and the free stream gas as tile other species even when both gases are tile same. The
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solid wall boundaryconditionsof temperatureat 300K and no slip areappliedto all

zonesin contactwith the flat plateor nozzle.All outflowboundariesarecalculatedas

first-orderextrapolatedfrom the neighboringinterior cellsof the domain.

Solutionswereobtainedusingglobaliterationsof all zoneswith meshsequencing

and convergencewasbasedon the valueof tile solutionL2 norm, which providesa

measureof numericalconvergenceby showingthe root meansquareddifferencebetween

flux valuesof two consecutiveiterativestepsnormalizedby the flux valuesassignedto

thegrid prior to startingthe numericalsolution.After theL2 normdecreasedto avalue

of about lxl0 -9 basedon the initial condition,the solutionwasassumedconvergedas

the L2 normno longerdecreasedand the changebetweeniterationswasjudgedclose

to machineround-offerror. EachCFD solutionfor the presentstudywasaccomplished

ona singleprocessorof thedecommissionedNASALangleyCrayY-MP supercomputer

(Sabre)usingabout44inillion bytes(Mbytes)of randomaccessmemory(RAM) for the

finegrid time integrationandrequiredabout sixty hoursto reachthe levelof L2 norm

convergence indicated previously.

Figure 3.7 shows the flow field streamlines for the CFD solution of the argon

jet-free stream interaction for a jet plenum pressure of 34.5 kPa (5 psia). Since the CFD

solution was integrated numerically to a steady state condition, the arrowed lines on the

figure represent flow streamlines. Each streamline is tangent to the flow velocity vector

by which it passes and traces the path of a fluid element through the flow field. The free

stream flow is from left to right, and the sonic argon jet is injected normally through a

nozzle located 0.125 m downstream of the flat plate leading edge on the upper flat plate

surface. Normalized number density at the symmetry plane for the argon jet interaction
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flow field is shown ill Figure 3.8. Tile number density contours presented on the figure

are normalized by Loschmidt's number, n o.

3.3.2 Non-Interacting Continuum Jet Plume Surface

To produce an uncoupled CFD DSMC jet interaction solution, the present ap-

proach is to define a surface boundary between the non-interacting portion of the con-

tinuum jet plmne and the interacting flow surrounding the plume, similar to that of

a breakdown surface. To determine the departure of an expanding flow, such as the

jet, from a continuum flow condition, Bird [11] proposes that a breakdown surface be

defined with an associated breakdown parameter, P, of numerical value 0.02. In this

section, the theory and mechanics of producing a breakdown surface from known flow

field quantities, such as from a CFD solution, are developed and presented.

The approach for modeling the jet plume for the present study is similar to one

that has been applied previously to study free expanding plume impingement (Lumpkin

et al. [47] and Rault [64]). The jet plume of that study was modeled using a CFD

solution; then, a breakdown surface and flow properties at the breakdown surface were

derived fi'om the CFD solution. Outside the breakdown surface, DSMC was applied with

the breakdown surface as an inflow boundary to a molecular simulation.

In the study of expanding jet flow from the Shuttle Orbiter Primary Reaction

Control System (PRCS) thrusters (Rault [64]), a parameter, N, was used to determine

the boundary between the continuum and rarefied regime. The parameter is given as:

N = UT (3.6)
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where u is the frequency of intermolecular collisions and r is a characteristic time be-

tween collisions in the jet plume. Therefore, N is the number of intermolecular collisions

in a characteristic time. Expanding the definition further, Rault [64] presents the char-

acteristic time as:

with length, L, defined ms:

L

7- = = (3.7)
V

L = P (3.8)
Vp

where p is the local density of the gas. Therefore, substituting Equations 3.7 and 3.8

into Equation 3.6:

up
N

V. Vp

The breakdown parameter, P, of Bird [11] is just the inverse of N:

(3.9)

1 ¢. vp
P - - (3.10)

N up

Using definitions given by Bird [11], the intermoleeular collision frequency, u, can

be expressed as:

1

\Trm/
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Equations3.10and 3.11providea fornmlation for tile breakdownparameter

asa fimctionof macroscopicflow field variables,whichcanbe calculatedfrom a CFD

solution.

Forapplicationto the jet interactionwith a transitional-rarefiedflow field,it will

beshownthat tile valueof P chosen to describe tile appropriate breakdown surface for

the uncoupling of the continuum and non-continuum regions is sensitive to a eonfl_ination

of jet and free stream conditions. The difficulty is to define the boundary between the

two regions to optimize the use of both CFD and DSMC numerical techniques.

3.3.3 Analysis of the Non-Interacting Jet Plume Surface

Given the definition of the t)reakdown parameter in the previous section, a scheme

is implemented in tile present section to calculate the breakdown surface from the jet in-

teraction CFD solutions. A computer program that applies Equation 3.10 to a PLOT3D

CFD flow field solution file has been written. PLOT3D is a common file format to

represent a computational grid and solution (Walatka et al. [87]). A central differenc-

ing operator in the program calculates the density gradient term except at boundaries

where a single-sided operator is used. The mass and diameter of the expanding gas

species molecule are supplied as constants input to the program. Tile output of the

program is a PLOT3D formatted solution file containing the breakdown parameter, P,

as a spatial variable of the analyzed flow field.

A breakdown surface can then be obtained from the solution file as an isosurface

to define the geometry of the breakdown surface for various values of P. A commercially

available flow visualization and analysis program, EnSight (See CEI [15].) is used to
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producean isosurfacecorrespondingto a constantvahleof breakdownparameter.An

isosurfaceis createdwith the EnSightprogramby interpolationbetweenthe appropri-

ately valuedgrid cell edgesto definea point on the cell face. Pointswith the desired

isovalueareconnectedand displayedas triangulatedsurfaceelements.The program

provides,asan ASCII text output file, thecloudof points,whichspatiallydescribethe

geometryof a givenisosurface.For the presentstudy,the cloudof pointsare the spa-

tial boundarypointsof the Bird breakdownsurfacefor a givenvalueof the breakdown

parameter.

This techniquewasappliedto PLOT3D solutionfles of the twelveCFDjet in-

teractioncasesfor variousisosurfacevalues. As an example,resultsof analyzingthe

calculatedbreakdownparameterfield for theargonjet iiiteractionat a jet plenumpres-

sureof 34.5kPa areshownin Figure3.9. Isosurfacesat two valuesof the breakdown

parameterareshownon the figure.At P = 0.01, the surface appears as a smooth body

of revolution normal to the plane of the plate surface (shown by the darker flat region

in the figure) even though the breakdown parameter was calculated from a CFD solu-

tion of a complex jet interaction (See Figures 3.7 and 3.8.). At P = 0.02, however, the

breakdown siirface extends further from the plate surface and begins to show evidence

of the free Stream interaction, as indicated by the nearly diagonal jagged cut through

the upper portion of the breakdown surface. The irregularity of the cut is because a

gradient type operation (Equation 3.10) is used by the flow visualization program to

produce the isosurfaee from the breakdown parameter solution file, and small numerical

disturbances are amplified. Effectively, a Lapiacian operation has been applied to dis-

crete flow field values of the CFD solution and produces the irregular cut shown on the
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breakdownsurfacefor the P = 0.02 case in Figure 3.9. Also note that the breakdown

surface calculations for both P = 0.01 and 0.02 extend from the nozzle exit location

outward. The extent of P = 0.02 surface at the nozzle exit, however, is larger than for

the P = 0.01 surface and includes a portion of the region where the jet is influenced by

the free stream.

For each interaction case analyzed, the breakdown parameter was varied to iden-

tify the value when the breakdown surface changed from a regularly shaped body of

revolution (assumed to be unaffected by the free stream) to a body of revolution with

a diagonal cut. The breakdown parameter value where this change occurs shows the

interface of the expanding jet with the fi'ee stream interaction.

Because the breakdown parameter value at the interface differed for the various

jet gas type and jet plenum pressure combinations, a correlation using the breakdown

parameter values at the interaction interface was sought. To derive the correlating

parameter, it was assumed that the physical mechanism active at the interface between

the jet and fl'ee stream interaction was a ratio of flux-based quantities. By dimensional

analysis, a ratio of the number density flux, nV, with the molecular collision probability

flux, _, was found to provide a correlation with the breakdown parameter value at the

interaction interface. The non-dimensional correlation parameter, G, is given as:

nV

G-(XUd ) (3.12)
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wheren is the mmfl)erdensity,V is tile characteristicflow velocity,lJ is tile collision

frequency,)_ is tile mean fl'ee path, and d is the molecular diameter. Note that tile

molecular quantities of Equation 3.12 are taken as tile hard sphere values for convenience.

Figure 3.10 shows tile relationship of tile breakdown parameter, which corre-

sponds to tile breakdown surface at the jet interaction interface as a function of the

non-dimensional parameter, Gjet/Gcx _ for a free stream Knudsen number based on the

orifice diameter of KTtd = 0.038. Free stream influence on tlle relationship is obtained by

normalizing tile non-dimensional jet number, Gjc t, at tile jet nozzle exit conditions by a

non-dimensional free stream number, G_, at the free stream gas conditions. Shown on

Figure 3.10 as symbols are tile breakdown parameter values determined from tile twelve

jet interaction CFD solutions where the isosurface of P began to be distorted by tile

interaction. These results span the transition fi'oln the continuum to rarefied regime

based on tile contimmm breakdown criteria defined by Bird [11] (P = 0.02), which is

included on Figure 3.10 as a dashed line. Above the dashed line, expanding flow at tile

breakdown parameter value is rarefied, whereas, below tile dashed line, tile expanding

flow is continuum.

A solid line is drawn through the symbols in Figure 3.10. Although scatter exists

between the symbols and the solid line, a general boundary between tile undisturbed

jet breakdown surface (region to the lower right of the solid line) and the interacting

jet breakdown surface (to the upper left of the solid line) is suggested by these results.

For example, the interface of the carbon dioxide jet interaction with the free stream

occurs in tile continuum regime, but the interface of tile helium jet interaction occurs

in a more rarefied regime. Tile solid line in Figure 3.10 is significant because it shows
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that a breakdownsurfacecorrespondingto a breakdownparametervalue (P) in tile

regionbelowthecurvehasnot beendisturbedby the interaction.Thus,the expanding

jet flowCallbeuncoupledfrom the interactionat that breakdownparametervalue.By

uncouplingthejet flowfrom theinteraction,a continuumflowsolutionof thejet call be

separatedfrom a molecularflowsolutionof thefrecstreamandinteractionregion.

A moregeneralcorrelation,includingeffectsof wall curvature,nozzleorientation

with respectto the surfaceandfreestream,etc.maybe requiredto definethe interac-

tion interfaceof morecomplexgeometricconfigurationsin the transitional rarefiedflow

regime.However,for the presentflat plateconfigurationwith Kn d = 0.038, the correla-

tion of breakdown parameter value at the interaction interface with the non-dimensional

parameter Gjet/Gcc shown in Figure 3.10 can be made.

3.4 Uncoupled CFD-DSMC Jet Interaction

A detailed discussion of the steps used to produce the uncoupled CFD DSMC

solution for the jet interaction problem is given next. The continuum jet plume portion

of the flow is generated by CFD, and tile molecular simulation of the jet interaction by

the DSMC technique. For the present study, the GASP computer program, discussed

previously, applies the CFD, and the DSMC method is applied by DAC (LeBeau [44],

Glass and LeBeau [30], and Wilmoth et al. [94]).
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Tlle uncoupled solution for the jet interaction first requires a CFD solution for

the expanding jet, which is modeled as axisymnmtric and freely expanding into a vac-

uum. The expanding jet solution is obtained by the GASP computer program used

previously for the fllll CFD interacting jet solution. Although the GASP program is

a finite volume three-dimensional CFD solver, two-dimensional and axisymmetrie solu-

tions can be obtained by defining the computational domain with two symmetric grid

planes and proper symmetry boundary conditions on the planes (McGrory et al. [49] and

AeroSoft [2]). This was clone for the present axisymmetric jet solutions. The GASP jet

solutions used the full Reynolds averaged Navier Stokes equations.

Modeling of tim axisymmetric nozzle is similar to the nozzle modeling for the

interacting jet cases. That is, flow at the plenum temperature and pressure was allowed

to expand through a converging nozzle to the sonic condition at the exit. However, rather

than interacting with a free stream flow, the jet flow from the nozzle exit was allowed

to expand further as a plume into an outer computational domain, which simulated an

infinite vacuum. A first-order extrapolation from the interior was specified as the outflow

boundary condition for the computational domain. Walt temperature was held constant

at 300K and a no-slip condition was applied to the nozzle and outer region walls.

One of the symmetry planes of the computational domain for the expanding

axisymmetric jet is shown on the left side of Figure 3.11. Shown on the right side of the

figure are normalized number density contours from the CFD solution. Note that along

the outflow boundary, the number density is reduced t)y at least four orders of magnitude
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from the plenum condition. Tile extent of the upper computational zone was chosen so

that tile expanding jet transitioned from continuum to rarefied flow before reaching tile

outflow boundary, which assured that a jet t)hnne continuum surface could be defined

within the computational domain.

3.4.2 Surface Triangulation for DSMC

A non-interacting plume surface for tile expanding jet. is obtained from tile CFD

solution, which was first processed to produce a breakdown parameter PLOT3D solution

file. The breakdown parameter value was chosen so that the I)lume did not extend into

the interaction region for the free stream flow with a Knudsen number of Kn d - 0.038.

Based on results from Figure 3.10, a vahle of P = 0.01 fit this criteria. An analysis of

breakdown parameter file by the EnSight program (CEI [15]) provides the geometry of

the non-interacting plume surface as a cloud of points.

Although the pointwise description given by tile EnSight program correctly maps

the contimmm jet phnne at the proper Bh'd breakdown parameter value, the format is

not compatil)le as a DAC geometric sm'face description. The preprocessor program of

DAC requires a description of all surface geometries as groups of triangulated surfaces.

To create the geometry file for the present solution, the fiat plate geometry and the non-

interacting plume surface must be merged together in a format readable by the DAC

preprocessor program.

Several software packages were required to process the geometry of the fiat plate

model and jet plume to produce the proper triangulated format. First, the cloud of

points representing the jet plume surface was transformed to an initial graphics exchange



87

specification(IGES)format (Smithet al. [78]),onethat is commonfor mostcomputer

aideddesign(CAD) programs. A commerciallyavailablesoftwareprogram,Sm'faccr

(hnageware[39]),wa_sutilizedto produceIGESformattedsurfacedescriptions.

To createtile geometryof the flat plate modeland combineit with the jct iso-

surface,anothercomputerprogram,GridTool (Samareh[73]),wasused.GridTool al-

lowsexternalgeometricdescriptionsof differentformats(IGES, GRIDGEN,LaWGS,

PLOT3D) to bemergedtogetherwith geometriescreatedwithin the GridToolprogram.

The programgeneratesa groupof surfacepatcheswith the sameformat that describe

the entiresurfacegeometryof interest. For the presentstudy,the flat plate geometry,

createdwith the GridTool program,wasmergedwith the IGESjet plumesurfaceob-

tainedwith the Surfacerprogram.A FELISA (Peir6et al. [60])input file is generated

asan output option by the GridTool program. FELISA is an unstructuredfinite ele-

mentsurfaceand volumegrid generationprogram(SeePeir6et al. [60]for a complete

discussionof FELISA.). For thepresentapplication,however,only theFELISA surface

triangulation routine wasused. Triangulationdensityof the surfaceis controlledby

distributing sourceswith theGridToolprogram,whicharereadby the FELISAsurface

triangulationroutine.

Onefinal stepwasnecessaryto providea compatibleDAC formattedsurface

descriptionfor the molecularsimulation.An authorwritten translationand boundary

conditionapplicationcomputerprogram,flodac, was applied to the FELISA output file.

All surface points, the number of triangles of the surface, and triangle connectivity are

rewritten from a FELISA to DAC type format by ftodac. Additionally, appropriate

solid wall and jet plume surface boundary conditions are assigned to each triangle. All
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solidwailsof tile flat plate are treatedasnon-catalytic,fully diffusesurfaceswith full

momentum and energy accommodation. The jet plume surface is treated as an outgassing

boundary with the number density, velocity, and temperature of the jet assigned to tile

proper boundary location. The outgassing boundary condition of the plume also assures

that molecules outside the plume that are moving toward tile plume surface are allowed

to pass out of tile DSMC domain and are removed from the simulation. Boundary

conditions for tile jet plume surface are interpolated from tile original structured grid

GASP PLOTaD solution file by a weighted distance squared subroutine of the ftodac

program.

Shown in Figure 3.12 is the triangulated surface description of the fiat plate and jet

plume surface for the argon jet interaction that was generated by the FELISA program.

Shown in the figure is the full geometry; however, for the simulation, only half of the

geometry was used because of symmetry at the plate center line. Ill the right upper

corner of the figure is a closeup view of the argon jet plume surface, which consists of

7,200 triangles (of which 3,600 were used because of symmetry). Note the dense surface

triangulation of the surface near the jet exit. The closely spaced triangles allow a more

detailed geometric and boundary condition description of the jet plume surface in the

region where flow gradients are high. Also, the fiat plate (to one side of the symmetry

plane) was described by 25,000 triangles with over 12,000 triangles on the upper surface

to produce the desired surface sampling about the jet interaction region.
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3.4.3 DSMC Modeling of the Interacting Flow Field

9O

After the geometry and boundary conditions of tile surface for the molecular

simulation are defined, the DSMC domain size and tile domain boundary conditions

must be specified. The DSMC domain size was chosen to entirely surround the flat plate

model (above, below, and to the side) to simulate the experimental conditions more

closely than if just the upper portion of the plate flow field were modeled. The extent of

the DSMC domain is shown in Figure 3.13. A free stream boundary condition is applied

to all domain boundary faces except the symmetry plane where a symmetry boundary

condition was applied.

To produce the DSMC solution, the grid adaptation scheme provided by the DAC

series preprocessor (predac) is employed. The predac program initially generates a uni-

formly spaced Cartesian grid of so-called level I cells for the initial molecular simulation.

Triangulated surfaces that model the geometry clip the Cartesian grid, and the volumes

of the clipped Cartesian cells are determined for use in computing flow properties. The

uniform grid solution, which is produced from the initial simulation, resolves large scale

flow field features. Level II cells with finer grid spacing in regions of high number density

are generated for subsequent adaptation cycles based on the previous grid solution. Level

II cell spacing within level I cells is controlled by user input to the predac program. The

grid adaptation process may be applied as needed to each flow field solution to produce

the desired degree of cell resolution.

A uniform grid and three grid adaptation cycles were applied to produce the

present DSMC jet interaction molecular silmflation. The uniform Cartesian grid for the
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simulationis shownin Figure3.13.Twoplanesof the Cartesiangrid areshown:across

flowgrid that intersectswith thejet breakdownsurfaceat x = 0.125m andastreamwise

grid alongthesymmetryplaneat y = 0 Ill. Notethat theflat plate andnon-interacting

jet plumesurfacesareshowncolored white in the foreground of the figure on the grid.

The uniform Cartesian grid consisted of 250,000 cells; however, the volume of

the flat plate and plume contimmm surface clip out about 15,000 cells of the domain

resulting in about 235,000 active cells for the simulation. About 2.64 million simulated

molecules were necessary to fill the cells with a average of about ten molecules per

cell. After an initial transient period to equalize the number of inflow and outflow

molecules in the DSMC domain, approximately five thousand time steps were performed

before the simulation was stopped, which allowed 2,500 sampling cycles to be obtained.

Typically, sampling is performed every other time step in DSMC to avoid a bias from the

random mmlber generation process. The uniform grid simulation required 300 Mbytes

of computer memory and executed for 232 node hours using SGI R10000 CPUs.

Number density contours from the uniform grid solution are shown in Figure 3.14

at the same planar locations as the grid shown in Figure 3.13. These contours reveal tile

large scale h'atures of the flow field. Upper and lower plate shock waves that originate at

the plate leading edge, the higher number density region near the continuum jet plume

surface, and the low number density region in the wake downstream of the flat plate are

evident in Figure 3.14a. Also note that these same general features on the symmetry

plane are shown by the CFD solution presented in Figure 3.8. The end view cross flow

plane at the jet nozzle location (See Figure 3.14b.) shows the extent of the jet interaction
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disturbance above tile plate, the flow about the plate side walls, and the flow under tile

plate.

Based on tile uniform grid solution, the first adapted grid was produced by predac

with the same number of level I cells as the uniform grid; however, the adaptation process

allowed level II cells (inner cells) to be created within the level I cells. The resulting

DSMC domain consisted of about 1.6 million iev¢i II (:eiis wltt_ abflut 26 thousand cells

clipped out because of the volume occupied by the flat plate and breakdown surface.

Grid planes at y = 0 m and x = 0.125 m are shown in Figure 3.15. Generally, the

result of the first grid adaptation was to increase grid density uniformly throughout

the computational domain, except, for example, in the plate wake and side wall regions

where the number density of the uniform grid simulation was lower than the free stream.

The DSMC method was then applied to the adapted grid. Simulated molecules

within the cells of the DSMC domain numbered about sixteen million. The simulation

was run for five thdusand time steps after a Steady condition was met to collect samples

and required 1.25 Gbytes of computer memory and executed for 971 node hours on SGI

R10000 CPUs. Number density contours corresponding to the grid plane locations of

the previous figure are shown in Figure 3.16. The nmnber density contours reveal similar

flow features as the uniform grid solution, except more of the fine detail is apparent. In

comparing Figures 3.14 and 3.16, the near jet flow field gradients are shown in greater

detail for the adapted grid solution than for the uniform grid solution.

Because the memory requirements for the next grid adaptation and simulation

cycle exceeded the available memory of the local SGI R10000 CPUs, an alternate eom-

Imter system was employed. The computer system consists of two computers: the first
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is an SGI Onyx CHALLENGE with two Gbytes of main memory to execute predac, the

DAC series preprocessor, and the other is part of the NASA High Performance Comput-

ing and Communications (HPCC) Program, a 1024 processor element SGI/Cray T3E to

execute ddac, the parallel version of the current DSMC code. Each processor element

of the T3E multi-processor computer is a Digital Equipment Corporation Alpha RISC

chip. Both computers are located at the NASA Goddard Space Flight Center.

The second grid adaptation, based on the results fl'om the first adapted grid

simulation, was performed on the alternate computer system. The number of level I

cells was held constant, but the maximum number of level II cells in each level I cell was

increased by a factor of two in all coordinate directions. Two planes, which represent

the resulting grid resolution from the second adaptation, are shown in Figure 3.17. The

DSMC domain for the second adaptation consists of 3.35 million level II cells with 85

thousand cells clipped because of the volume occupied by the flat plate and continuum

jet plume.

For this adaptation cycle, note that the grid shown in Figure 3.17 better represents

the number density contours from which it was derived (See Figure 3.16.) than for the

the previous adaptation cycle (Compare Figures 3. I5 and 3.I7.). The difference between

the two grid cycles results because the first adaptation cycle was based on a uniform grid

simulation with coarse resolution of the flow field and a greater number of level II cells

within each level I cell was allowed for the second adaptation cycle.

A simulation was performed on the second adapted grid, which required 34 million

molecules and about 3.5 Gbytes of computer memory. Computer execution time was 1980

node hours on the SGI/Cray T3E using either 128 or 256 processor elements, depending
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on the computerqueueavailability.Executionof the simulationwasstoppedafter 2500

steady-statesampleswereobtained.

NuInberdensitycontoursfromthesimulationon thesecondadaptationgrid at the

grid cut planesof Figure3.17areshownill Figure3.18.Greaterdetail is shownby the

numberdensitycontoursin tile nearjet regionthan with the previoussolutions.The

forwardjet interactioncompressionregionshownill Figure 3.18ais morepronounced

with a strongerdensitygradientthan theprevioussolution,whichis evidencedby closer

spacednumberdensitycontoursthan before.

Basedon tile memoryrequirementsof the secondgrid adaptationandsimulation

cycleandonseveraltrial attemptswith theDAC preprocessor,grid refinementfor tile

third adaptationwaschosento maximizethenumberof levelII cellsnearthe upperwall

surfaceto increasesolutionconfidencein this regionby minimizingthe mmlberof cells

elsewhere.Toaccomplishthis,thepredac program was modified so that cells of one mean

free path normal and two mean free paths lateral to the upper plate surface were allowed

for the first four level I (:ells closest to the upper plate surface to concentrate fine grid in

this region. Below tile second level I (:ell ill the -z -direction from the plate surface, no level

II cells were allowed, and elsewhere in tile domain, level II cells were limited to a minimum

of four mean free path spacing in all directions. Although cells less than one mean free

path art recommended by Moss et al. [53] to resolve hypersonic viscous interaction

surface properties with the Bird G2 DSMC code [10], for the present simulation, larger

cell spacing based on the study by Moss et al. [531 was unavoidabIe because the resultant

number of sinmlated molecules would cause the problem to be intractable, even on tile

SGI/Cray TaE, one of tile largest multi-processor computer systems available. Therefore,



100

0.05

Z, m 0

-0.05
[ 1 1 I I t

0 0.05 0.1 0.15

x, m

a) Side view, grid at y = 0.000 m.

0.05

z, m
o

-0.05

Fig. 3.181

J 1 I J

-0.1 -0.05 0

y,m

I l I l I _ 1__ i E
0.05 0.1

b) End view, grid at x = 0.125 m.

n/n o

i .O00E-02
6 105E-03
3.728E'03
2.276E-03
1.389E-03
8.483E-04
5.179E-04
3.162E-04
1.931E-04
1.179E-04
7.i 97E-05
4.394E'05
2.683E-05
1.638E-05
1.000E-05

Number density contours from second adapted grid solution.



101

a trade-offof modifyingthegrid to providesmallerdimensionedgrid spacingnormal to

theplatesurfacewasmadeby sacrificinggrid resolutionelsewhereasdescribedpreviously

to maximizeaccuracyof sampledsurfacepropertieson the upperportion of the plate

obtainedfromthe molecularsimulation.

Theresultinggrid isshowninFigure3.19aandb at thesymmetryplaue(y = 0 m)

andat thenozzlecenterlinefrom theendview (x = 0.125m), respectively.Finespacing

of the plateleadingedgecompressionwavelocationis shownin Figure3.19a.Also, fine

grid is shownin Figure3.19aand b alongthe locationof the flat plate boundarylayer

and nearthe jet plumeand interactionregions.Note that in someregionsalongthe

surface,cell spacingis morecoarsethan at other regions.Theseregionsareabovethe

platesurfacenearlymidwaybetweentheplateleadingedgeandjet nozzle(Figure3.19a,

x _ 0.06m), nearthe platesidewall (Figure3.19b,y _ 4- 0.1 m), and under the plate

upper surface. Cell spacing variation in the region above the upper plate surface was

affected by changes in the local mean fl'ee path of the flow fieM, which was based on

the previous adapted grid solution; however, coarse cell spacing below the plate surface

was caused by the modifications to the DAC preprocessor code, which allowed no level

II cells at a designated z-location below the plate surface.

Preprocessing for this grid adaptation cycle produced nearly 14 million cells with

about 640 thousand cells clipped because of the triangulated jet plume and flat plate

geometry. A molecular simulation was performed on the grid, which is shown in Fig-

ure 3.19. The simulation required 14 Gbytes of computer memory for the 134.5 million

molecules at the steady state condition. Computer execution time was 21 thousand node
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hourson tile SGI/CrayT3E using512processorelements.After 2500steadystatetime

stepsampleswereobtained,executionof thesinmlationwashalted.

Numberdensitycontoursareshownin Figure3.20at thesameplanarlocationsas

thegrid shownin Figure3.19.Flowfeaturessimilar to thoseproducedby the previous

adaptationcycleareshownby tile presentsimulation.Abovethe plate,largescaleflow

featuressuchasthejet interactioncompression,the plateleadingedgecompression,and

thejet expansionaft of the plumearenearly the same;however,detailedfine features,

whichare just presentwith the secondadaptation,aremoreprominentwith the third

adaptation.For example,the low densityregionforwardof the jet plumeand the low

densitystructureto the sideof the jet plumeare resolvedbetter for the third adapted

grid solution(CompareFigure3.18with Figure3.20.).

AlthoughtheDSMCportionof thejet interactionsimulationat theexperimental

test conditionrequiredanextensiveamountof computationalresources,it is important

to notethat if the continuumfluid insidethe plumebreakdownsurfacewereincludedin

themolecularsimulation,manymorecellsandsimulatedmoleculeswouldbeneeded.A

calculationusingpropertiesof thecontinuumportionof the jet flow insidethe P = 0.01

surface was performed with the local mean free path as a guide to determine the estimated

DSMC resources for such a simulation. To model the continuum portion of the jet to the

symmetry plane with mean free path resolution, o.aa trillion (0.aa x 1012) cells and a.a

trillion simulated molecules would be required, which clearly exceeds current and near

fllture computational capabilities. Thus, by providing a CFD solution to the P = 0.01

jet breakdown surface, the problem size is reduced considerably.
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3.4.4 Analysis of DSMC Results

All analysis of the uncoupled CFD DSMC fiat l)late jet interaction solution is

presented in this section. Comparisons are made between tile 2-D G2 fiat plate no-jet

solution, the second adapted grid solution, and the third adapted grid solution. These

comparisons help to validate the present solution technique as producing a credible jet

interaction solution. It will be shown that the third adapted grid provides an adequate

simulation of the fiat plate jet interaction. Also presented is a discussion of the jet

induced flow separation and attachment on the plate surface and tile character of tile

local jet interaction flow field.

A further comparison of the present numerical results with the experimental data

of Warburton [88] was sought. Unfortunately, the data were not available at the time

of this writing. Therefore, only those comparisons discussed above are presented sub-

sequently in this section. Nonetheless, given in the Appendix is a tabulation of the

normalized number density, velocity components, and temperature on the symmetry

plane and the normalized pressure, shear stress components, and heat flux on the upper

plate surface from the present jet interaction numerical study that can be compared with

the experimental results of Warburton when they become available.

Surface pressure, heating, and shear stress from the 2-D G2 fiat plate no-jet

solution, the second adapted grid solution, and the third adapted grid solution on the

symmetry line of the upper fiat plate surface are presented, in Figure 3.21a, b, and c. In

the figure, uncoupled CFD-DSMC results of the third adapted grid are shown by a solid

line; results of the second adapted grid are shown by a clashed line, and the G2 DSMC



106

0.25

0.2

_>_ 0.15
S

Q.

Q. 0.1

0.05

0 o

0.025

0.02

,,, 80.015
>

3o. 0.01

"-_'0.005

0

-0.005 0

0.075

0.05

>

._0.025

-0.025 0

A
DAC (3rd adaptation) /t

....... DAC (2nd adaptation) ,/,l

i , .... ; _ I J i i i I i i _\ ........ "_......

0.05 0.1 0.15
x, m

a) Normalized pressure.

DAC (3rd adaptation)

, ,, - ...... DAC (2nd adaptation)
_ ' G2

I i I I | I I i I I I i i i i

0.05 0.1 0.15
x,m

b) Normalized heating.

, r,

| i i

DAC (3rd adaptation)
DAC (2nd adaptation)
G2

.................. ; .-_-_-_

0.05 0.1 0.15
x, m

c) Normalized shear stress.

Fig. 3.21. Comparisons of pressure, heating, and shear stress on the flat plate surface

at the symmetry line.



107

resultsareshownby the dot-dashedline. Pressureand shearstressarenormalizedby

the freestreammomentumflux, pocV2oc , and heat flux is normalized by twice the frec

stream kinetic energy flux, pocV3. The heat flux vector is positive for heat flow from

the fluid to tile plate surface and negative for heat flow from the plate surface to the

fluid. For the wall shear stress, _-zx, a positive value indicates a shear force ill the positive

x-direction, that is, in the direction of the free stream flow.

As the free stream flow encounters the plate leading edge, a viscous boundary layer

develops. Tile three results shown in Figure 3.21 differ in this leading edge region. The

second and third adapted grid solutions predict higher leading edge pressure, heating, and

shear stress than does the G2 code. The G2 code provides a more accurate sinmlation in

the region near the plate leading edge because cell resolution normal to the plate surface

was at least one-quarter of the local mean free path, which allowed better resolution of

the highly rarefied flow about the sharp leading edge (See the discussion ill Section 3.2.2.).

Away from the influence of the sharp leading edge, good agreement exists between

the G2 code and third adapted grid uncoupled CFD-DSMC simulations. As shown in

Figure 3.21, downstream of the plate leading edge to a location of x _ 0.07 m, the

normalized surface pressure, heating, and shear stress predictions are nearly identical

for the two solutions. The results of the second adapted grid simulation, however, do

not compare well, and for each surface quantity (pressure, heating, and shear stress), a

greater value is predicted than from the other two simulations. Inadequate cell resolution

of the second adapted grid case probably allowed sim_llated molecules to encounter tile

wall with too much momentum and energy. With adequate cell resolution near the wall,

molecules collide sufficiently within the cells to properly balance the local momentum



z

_=

e_

108

and energy before striking tile wall. AdditionMly, because the third adapted grid and G2

code solutions agree over the forward portion of the plate, cell spacing of one mean free

path normal to the wall for the third adapted grid simulation is shown to be adequate

for the present simulation.

For an x location greater than about 0.07 m, results in Figure 3.21 show the G2

code prediction of pressure, heating, and shear stress changes little to the end of the plate

because the simulation is for a flat plate with no jet interaction. However, as shown by

the results for the uncoupled CFD DSMC simulation, the local pressure, heating, and

shear stress are greatly influenced by the jet interaction as indicated by the rapid increase

in pressure and heating ahead of the jet nozzle exit location at x = 0.125 m. Shear stress,

however, decreases to a negative value for 0.078 < x < 0.110 m before becoming positive

closer to the nozzle exit. Wall shear stress indicates the local flow direction; reversal of

the shear stress indicates flow separation.

The wall shear stress direction is shown more clearly with the aid of Figure 3.22a,

simulated oil flow streaks on the plate surface and Figure 3.22b, flow streamlines at the

symmetry plane. To create the surface oil flow pattern in the figure, wall shear stress

from the molecular simulation in the x and y directions, rzx and rzy respectively, define

surface vectors on the flat plate, and streamlines, introduced on the plate surface by the

visualization software [5], follow the local shear stress vector field. Thus, the lines show

the direction of the local skin-friction.

Peake and Tobak [59] have assembled an extensive glossary and explanations for

the topology of many skin-fl'iction patterns on bodies, which encounter high speed flow.

Based on their topological rules, two distinct features are noticeable on Figure 3.22a: At



109

Nozzle
S A Exit

Symmetry
Line

a) Simulated oil flow on starboard flat plate surface (top view of x-y plane).

0.05

z, m
0

-0.05

0 0.05 0.1 0.15 0.2

x, m

b) Flow streamlines at symmetry plane (side view of x-z plane).

Fig. 3.22. Flow separation and attachment caused by tile flat plate jet interaction.
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the point on tile symmetryline wherethe oil flow linesconverge(labeledS),a line of

separationis apparent;Also, the symmetryplanestreamlinefigure (SeeFigure3.22b.)

showsthat at point S, streamlineslift from andseparateoff tile plate surfacejust up-

streamof two counter-rotatingw,rtices. Peakeand Tobak [59]explainthat the flow

alonga lineof separationleavestile surfaceasa freeshearlayer. A line of attachment

is alsoshownin Figure3.22aandis labeledaspoint A at thesymmetryline. Alongthe

lineof attachment,oil flow linesdivergebecausethelocal fl0w is directeddownwardat

the surfaceand spreadslaterally. At the point labeledA, shownin Figure 3.22b, the

shear layer flow between the counter-rotating vortices impinges on the plate surface and

the flow on either side is directed upstream and downstream respectively.

The jet, injected at the P = 0.01 plume surface, acts as a three-dimensional

protuberance to the incoming free stream causing the flow to separate and creating the

counter-rotating vor{ices {See streamlines in Figure 3.22b.) located within a separation

region on the upper fiat plate surface just upstream of the jet plume. The forward vortex

turns the free stream flow above the local jet interaction region, and a jet induced vortex

(just aft of the forward vortex) entrains the jet gas. These two vortices are shown by

the streamlines in Figure 3.22b just above tile upper plate surface and upstream of the

nozzle exit location:

The streamlines of Figure 3.22b show that the jet flow also has a prominent

influence on the upper flee stream flow. The flow above the fiat plate is turned and

the streamlines are compressed by the jet. Flow turning of the free stream caused by

the jet is maintained until it exits the computational domain. Likewise, the jet flow

streamlines are compressed by the interaction with the fi'ee stream. Jet streamlines are
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abruptly turned downstreamby the interaction. Also, flowdirectly behind thejet on

thesymmetryplaneisat a lowerpressurethan the flowbeneathtile plate asevidenced

by the streamlinespassingbelowtile fiat plate turning upwardthroughtile plate wake

region.

Asshownby tile numberdensitycontoursof Figure3.20,thenitrogenfreestream

inflowconditionisaboutfour ordersof magnitudeless dense than the standard nunfl_er

density. As tile free stream encounters tile upper fiat plate surface, it is initially com-

pressed by the boundary layer displacement to create a leading edge shock wave. Over

the upper portion of the fiat plate past the leading edge, the gas density decreases as a

boundary layer develops and the gas temperature near the wall increases from viscous

dissipation (Note, however, that the density within the Knudsen layer will increase be-

cause of the lower wall temperature.). The density of the near wall gas then increases at

the separation region as it recompresses before either being directed above the separation

region or entrained into the forward vortex upstream of the jet plume.

Initially, the jet flow just outside the non-interacting plume surface expands as

shown in Figure 3.20. However, as the jet encounters the free stream flow, it compresses

as shown by the higher number density region just above the jet. This higher density

region is caused by the interaction between the fl'ee stream flow and jet. As discussed

previously, the jet flow turns the free stream. The resultant compression can be seen

in the. figure as tile outer curved number density contour, which intersects the upper

computation domain near the downstream boundary. In addition, number density in

the region downstream of the nozzle exit just above the fiat plate surface decreases with
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distance,indicating a low pressurewakehas formedbehind thejet and high density

interactioncompression.

Numberdensitycontoursbelow the plate showthe influenceof the underside

compression surface. Flow beneath the plate is initially compressed by the shock wave

created by the wedge geometry of the lower surface leading edge; however, as the flow

reaches the end of the lower wedge compression surface, it expands, and the number

density decreases. The flow then exits either through the lower or downstream compu-

tational boundary.

From this analysis of the interacting flow field, the pressure and heating distribu-

tions along the symmetry line (See Figure 3.21a and b.) can be better explained. As the

local flow over the plate encounters the separation line, it is turned upward away from the

plate and compressed as shown in Figure 3.22b, hence the rise in pressure at x ._ 0.07 m.

The maximum surface pressure occurs at the flow attachment point (x = 0.110 m), and

is influenced by both the free stream compression from the jet interaction above and the

flow impingement at the attachment line of the counter-rotating vortices. As shown in

Figure 3.21b, with increasing distance from the leading edge, heating in the separated

flow region first has a lower maxima and decreases at tile forward vortex location; at tile

vortex attachment, heating increases to a higher maxima. One possible explanation is

that the forward vortex gains kinetic energy by momentum transfer from the free stream

a_s it traverses the upper portion of its path. An energy balance occurs between the for-

ward and jet induced vortices during the path down toward the flow attachment point

where energy is released as a heat flux to the wall causing the higher maxima. As the
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vortical flowtraversesfl'omtile attachmentline upstreamand downstream,the heating

distributiononeithersideof the highermaximaisproducedasshownin Figure3.21b.

Crossflowplanesof theuncoupledCFDDSMC simulationarepresentedin Fig-

ure3.23a,b, andc at x locationsof 0.100,0.125,and0.150m, respectively.Eachfigureis

arrangedwith crossflowstreamlinesabovetheplate superimposedon normalizednum-

berdensitycontoursat eachplane.Although themolecularsimulationwasfor one-half

of the plateto the symmetryplane,shownon the figureis a flfll platewidth viewwith

a mirror of the half-platesolution,whichprovidesa better perspectiveof thecrossflow

features.Notethat the regionoccupiedby theplateismaskedwhiteto showits position

in the simulationdomain. Additionally,shownmaskedin white in Figure3.23bis the

jet non-interactingplumesurface.

Shownin Figure3.23a,thex = 0.100m plane,arecrossflowstreamlines,which

indicatean upwardand sidewardflow direction. The flow is directedup and to both

sidesbecauseof the forwardvortex. Note that the forwardvortex centeris located

downstreamof the x = 0.100m planeand hasan upwardvelocitycomponenton thc

symmetryplaneat thisx location(SeeFigure3.22b.).

Numberdensitycontoursalsoshowthe effectof the forwardvortex. A higher

densityregionis shownin Figure3.23acenteredat y = 0 m andabout 0.015m above

the plate. This regionhasa higherdensitythan the surroundingregionbecauseit is

locatedwherethe forwardvortex is elongatedfrom the compressionof the freestream

flow turningupwardovertheseparationzone(Again,seeFigure3.22bat thex = 0.100m

location.). Also, on both the sidesof this high densityregion, the mmfl)erdensity

decreasesshowingthe three-dimensionalnatureof the separationwrappingabout the
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jet. Finally, note the streamlines shown in Figure 3.23a end above the higher density

contoured region at z _ 0.025m because the velocity components in the y and z directions

become zero. The end points of the cross flow streamlines occur in the undisturbed free

stream and therefore indicate the extent of the viscous layer above the plate.

Shown in Figure 3.23t) is the cross flow plane at x = 0.125 m. Flow streamlines

in the figure and the simulated oil flow pattern at the plate surface (Sec Figure 3.22a.)

indicate that tile jet induced vortex structure has moved the free stream gas away from

the wall on either side of the symmetry plane at this cross section location. The jet

induced vortex (just upstream of the jet nozzle exit in Figure 3.22) has turned about tile

jet and emerges from this cross flow plane as the vortex structure shown in Figure 3.23b.

Number density contours at the x = 0.125 m plane are also shown in Figure 3.23b.

A complex flow interaction region is shown above the jet plume surface and extends

about 0.04 m above the plate surface. Jet flow initially expands outward, as evidenced

by the decreasing number density near the plume surface, until being compressed by the

interaction with the free stream. The interaction causes the number density to increase

as the jet and free stream flow are compressed and turned from the original flow direction.

The final cross flow plane is shown in Figure 3.23c at the plate trailing edge

(x = 0.150 m). Flow streamlines in the figure show that the vortices at the previous

cross flow plane (see Figure 3.23b) persist to the plate trailing edge; however, the vortices

become elongated and less organized rising filrther above the flat plate surface because

of mixing as angular momentum is transferred to the surrounding fluid. Also, flow at

the symmetry plane is directed upward away from the plane surface as the upward jet

injection still affects the flow at the trailing edge cross flow plane.
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The numberdensitycontoursat thex = 0.150m location,givenin Figure3.23c,

showthat the jet interaction regionhasbecomelarger than at the previousplanar

locationand extendsabout 0.06111abovethe platesurface.Also,a high densitylobe

is shownnearthesurfaceat y _ ±0.04m, whichcorrespondsto the vortexattachment

line locationat tile plate trailing edgeshownin Figure3.22a.The vortexstructure is

largerand morediffusedthan at thex = 0.125m cross flow plane (See Figure 3.23b.).

Note that the simulation domain extended far enough from the upper plate surface to

capture the entire density gradient field of the interaction at this plane.

3.4.5 Effect of DSMC Grid on Flow and Surface Properties

The molecular simulation on the third adaptation grid for the transitional rarefied

jet interaction presented in Section 3.4.3 required extensive computational resources,

which were close to the capacity of the HPCC SGI/Cray T3E, one of the largest multi-

processor computers available. A DSMC solution on a finer adaptive grid with more cells

for this jet interaction condition is not possible at this time because it would exceed the

existing computational resources. However, the curre,lt simulation on the fine grid did

produce detailed flow features of the transitional-rarefied free stream interacting with a

continuum jet, the quality of which can be assessed by comparing the fine grid results

with those from the other more coarse grids, that is, from the simulations performed

on the uniform, first adapted, and second adapted grids. These flow field results were

presented previously in Section 3.4.3.

For this grid convergence analysis, several significant features of the flow field are

identified and tracked for each grid solution. First, the locations on the symmetry plane
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of the upstreamedgeof the compressionwavesgeneratedby both the fiat plate sharp

leadingedgeand thejet interaction,at x = 0.02m and0.03m, respectively,abovethe

plate surfaceareobtainedasa functionof thegrid adaptation.Thesetwo locationsin

theflowfieldarelabeledinFigure3.24aspoint 1andpoint 2. Next,thesurfacepressure

andheatingandlocationof theforwardseparationandvortexattachmentpointson the

symmetryplanearepresentedasa fimctionof grid adaptation.Theselocationsaregiven

by the lettersS andA, respectively,in Figure3.24. By comparingandanalyzingflow

featuressuchas thesefor simulationswith variousgrid spacing,an assessmentof the

quality of thefinal adaptedgrid simulationcanbeperformed.

To locate the leadingedgeof a compressionwaveas its positionvariedwith

grid adaptationcycle,flowvariablesalonghorizontalline cutsat theappropriateheight

abovetheflat platewereextractedfromtheflowfieldandexaminedto revealtile position

wherethe localnumberdensityincreasedto a valueten percentabovethat of the free

streamvalue.This tenpercentpositionprovidesa consistentmeasureof the flow field

compressionwavelocationat points1and2wherelocalflowpropertiesareobtainedfor

the analysis.

Point i, shownin Figure3.24,is the leadingedgeof tile flat plate compression

wave0.02m abovethe plate surface.The normalizedlocation,x/L of this flow fie.ld

featureis presentedasa functionof the localratio of cell spacing(ds)to meanfreepath

(A) in Figure3.25a.The ratio, ds/A, decreasesby about an orderof magnitudefrom

its valuefor the initial uniformgrid solutionto its value for the third grid adaptation.

Also, it is well documented (See Moss et al. [53].) that DSMC solutions asymptotically

approach grid convergence as this ratio falls below unity. Therefore, an exponential curve
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Fig. 3.24. Symmetryplanenumt)erdensitycontoursfrom the P 0.01 uncoupled

CFD-DSMC solution showing key locations for comparisons.
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has been fit through the discrete points given by tile square symbols, which represent

locations taken from the uniform, first, second, and third adapted grid simulations. For

the curve fit, a boundary condition was imposed that the slope of the curve approach

zero in the limit as ds/A ]local _ 0. However, the slope requirement of the curve fit may

be too restrictive as an end boundary condition because Moss et al. [53] have shown that

DSMC grid independence is achieved for ds/,k ilocal_< 0.35.

Although the discrete points presented in Figure 3.25a show some scatter about

the curve, the trend of the curve illustrates that with coarse cell spacing, the flat plate

compression wave leading edge is further upstream than with fine cell spacing. At the

zero cell size limit, the curve fit shows the location of the compression wave leading edge

at z/L _ 0.55rn, close to the value obtained with the third adapted grid simulation. A

similar trend is shown in Figure 3.25b for the leading edge location of the jet interaction

compression wave, that is, with decreasing cell spacing, the leading edge of the com-

pression wave initially moves downstream and then its location becomes stationary as

cell size is further decreased. Based on these observations, local cell spacing of the third

adapted grid (ds/,k ]local _ 1.,5) may be adequate to locate the position of compression

waves in the flow field.

Next, along the flat plate center line, surface pressure and heating at the flow

separation and attachment points and the extent of flow separation associated with

the jet interaction are analyzed to determine the effect of cell spacing on the forward

separation region. The interacting jet causes a forward separation region consisting

of two counter-rotating vortices as discussed previously in Section 3.4.4 and shown by

the simulated oil flow and stream lines in Figure 3.22. The simulation for each of the
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four grids showedthesesamegeneralflow features;however,the flow separationand

attachmentpoint surfacepressureand heatingand the locationof the separationand

attachmentchangewith cellspacing.By presentingtile variationof thesesurfacevalues

asa function of tile ratio of cell sizeto meanfreepath ((1s/A)for the four grids,an

assessmentof tile grid quality in theflowseparationregioncanbemade.

Figure 3.26showssurfacepropertyvariationat tile flow separationand attach-

mentpointswith ds/_ llocal'At theflowseparationpoint, pressureandheatingdecrease

aslocal cell spacing is refined (See Figure 3.26a.). Note that, similar to Figure 3.25, an

exponential curve is fit though the pressure and heating results to aid with determining

the trend for local cell spacing finer than ds/A llocal _ 1.5 from the third adapted grid.

Normalized pressure tends to a value of 0.046 and normalized heating tends to 0.0024,

which are close to the present fine grid result.

Flow attachment pressure and heating at tlle center line as a flmction of cell

spacing is shown in Figure 3.26b. Flow from both counter-rotating vortices impinges

on the plate at tlle attachment point and causes a local high density region (See, for

example, the number density contours in Figure 3.20 near the upper plate surface at

x = 0.11m, which is the attachment point.). Because of the high density region in the

vicinity of the attachment point, the finest local cell spacing for the third adapted grid

in this region is ds/_ Ilocal _ 7. As shown in Figure 3.26b, the pressure and heating

increase with decreasing cell spacing a_s the flow impingement region is better resolved.

Tile curve fit shows normalized pressure tends to a value of 0.22 and normalized heating

tends to about 0.013 as the cell spacing goes to zero. Although scatter exists between
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tile data and curve fit, the curve fit shown in Figure 3.26b does provide a reasonable

estimate of tile attachment point pressure and heating in the grid-converged limit.

The final comparison presented to determine the effect of the DSMC grid spacing

in the forward separation region is the normalized distance between the flow separation

and attachnmnt points, (x A - xs)/L, as a function of the average normalized cell spacing,

ds/A lave, which is shown in Figure 3.26c. Although the extent of forward separation

is usually defined for this type of flow as the distance from the flow separation point to

the jet, presently it is represented as (x A -xs)/L to include the influence of the flow

attachment location in the definition.

Figure 3.26c shows the results for simulations performed on the four grids. Note

that for the finest cell resolution (the third adapted grid), the average cell spacing relative

to mean free path is approximately three. However, less scatter exists between the

exponential curve fit and the individual points for this comparison than for the previous

two comparisons of Figures 3.26a and b with pressure and heating. Probably t)ecause the

extent of separation is a quantity associated with larger scale flow phenomena than local

pressure and heating at the separation and attachment points, it is affected less by cell

spacing, hence, better agreement of the individual points with the curve fit. The curve

shows that as cell spacing decreases, the extent of separation indicated by (x A - xs)/L

tends to a value of 0.22, which is close to the result from the finest grid simulation.

Generally, a molecular simulation with cell resolution less than the local mean

free path is desired. However, for tile present jet interaction simulation, this desired cell

resolution was not achievable. Nonetheless, a comparison of several key flow field and

surface features from the molecular simulations performed on the four grids with various
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cellresolutionshasshownthat applicationof theDSMCtechniqueto the third adapted

grid providesareasonabledescriptionof thetransitional-rarefiedfreestreaminteracting

with a contimmnljet.

3.4.6 Effect of Bird Breakdown Parameter

In this section, the effect of the Bird breakdown parameter value on the DSMC

portion of the uncoupled solution is investigated. Three issues will be explored: (1) Is the

uncoupled P = 0.01 surface a sufficient boundary between the CFD and DSMC solutions

so that there is no need to iterate between tile two domains; (2) Is the correlation given in

Figure 3.10 credible in determining the uncoupling surface for the present transitional-

rarefied jet interaction; (3) What is the consequence of using an uncoupling surface

between the CFD and DSMC portions of the flow field with a value greater than that

shown by the correlation in Figure 3.10?

To address the first issue, a comparison between the CFD expanding jet solution

presented in Section 3.4.1 and the DSMC third adapted grid solution presented in Sec-

tion 3.4.3 is made near the P = 0.01 surface. A P = 0.011 breakdown parameter value

was used for the comparison instead of P = 0.01. Flow properties at P = 0.01 cannot be

accurately extracted from the DSMC flow solution because of cell clipping effects at the

triangulated jet plume surface. Number density, pressure, and velocity were obtained at

three locations: on the symmetry plane forward of the jet exit, on the cross flow plane

at the jet exit (x = 0.125m), and on the symmetry plane aft of the jet exit. These

results are presented in Figures 3.27, 3.28, and 3.29, respectively. The flow quantities

number density, pressure, and velocity were chosen for the comparison because they are



125

0.015

0.01

E
N-

0.005

0
0

0.015

CFD, expanding jet

coupled CFD-DSMC

0.o05 0.0 i 0.015 0.02 0.025

n/n o
a) Number density.

O.Ol

E
N"

0.005

0.015

0.01

E

0.005

b) Pressure.

P/p V 2 , CFD, expanding jet

....... nkT_p_V2 , Uncoupled CFD-DSMC

0.25 0.5 0.75
normalized pressure

!
0 _ '

400 550

/
CFD, expanding jet

....... Uncoupled C

450 500
V, m/s

c) Velocity.

Fig. 3.27. Comparison of Ar jet flow properties forward of tile jet exit on tile symmetry

plane at P = 0.011.



126

0.0t5

0.01

E

0.005

0
0

0.015

0.01

E

0.005

0
0

0.015

0.01

E
N_

0.005

_ CFD, expanding jet

...... Uncoupled CFD-DSMC

, t i I ..... P -_'-_ J , i I L, I I i" I , , I I I

0.005 0.01 0.015 0.02 0.025

n/no
a) Number density.

L

P/pJ_, CFD, expanding jet

nkT/pV2, Uncoupled CFD-DSMC

, ,,, J _ 1 .... ,----_----,-- I h [ , , I

0.25 0.5 0.75

normalized pressure
b) Pressure.

o
400

t

CFD, expanding jet

Uncoupled CFD-DSMC

450 5o0 550
V, m/s

c) Velocity.

Fig. 3.28. Comparison of Ar jet flow properties on tile x = 0.125m cross flow plane at

P = 0.011.



127

0.015

0.01

E
N"

0.005

0
0

0.015

0.01

E
N"

0.005

0
0

0.015

0.01

E
r4

0.005

CFD, expanding jet

0.005 0.01 0.015 0.02

n/n o
a) Number density.

\

P/p V2., CFD, expanding jet

....... nkT/pJ2, Uncoupled CFD-DSMC

i i i

b) Pressure.

0.25 0.5
normalized pressure

!

0.025

CFD, expanding jet l

Uncoupled CFD-DSM I__

450 500
V, m/s

I

0.75

0 J i , ]

400 550

c) Velocity.

Fig. 3.29. Comparison of Ar jet flow properties aft of the jet exit on tile symmetry

plane at P = 0.011.



128

representative of those that would be employed as coupling boundary conditions if an

iterative technique were required.

At the three locations, a comparison of normalized number density between the

expanding jet CFD and uncoupled DSMC solutions shows a difference from the wall to

about 0.005 m above the wall (See Figures 3.27a, 3.28a, and 3.29a.). Number density is

consistently less in this region for the DSMC result; the difference being greatest at the

wall, which may be caused by unresolved DSMC wall cell spacing at the inflow plume

boundary, statistical scatter of the DSMC, nozzle edge effects of the CFD expanding jet

solution, or a combination of all three. Generally, however, differences between the two

number density results are not large except near the wall (z __ 0.0005), and elsewhere

away from the wall, the comparison is good.

Normalized pressure at the P = 0.011 breakdown parameter value for the forward

symmetry plane, cross flow plane, and aft symmetry plane locations are given in Figures

3.27b, 3.28b, and 3.29b, respectively. For the CFD expanding jet, pressure was obtained

directly fi'om the solution, and for the DSMC, it is calculated as nkT, the equilibrium

pressure. Similar to the number density comparisons discussed previously, there is a

difference in pressure near the wall (to z _ 0.001m), however, away from the near wall

region, the pressure is in reasonable agreement.

The next comparison between the CFD expanding jet and DSMC interacting

jet solutions is with velocity. Figures 3.27c, 3.28c, and 3.29c, show the velocity at the

forward symmetry plane, cross flow plane, and aft symmetry plane locations, respectiw_ly.

Generally, a good agreement is shown between the two solutions at the P = 0.011 location
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of thecomparisons.Thereisadifference,however,nearthewall, whichwasalsoobserved

with the numberdensityand pressurecomparisons.

Asdiscussedabove,the nearwall differencesin flowpropertiesmaybecausedby

inadequateDSMCcell spacingat the wall nearthe P = 0.01 inflow boundary surface,

which is particularly important in tile rapidly expanding flow about the nozzle exit

corner of the free expanding jet. Regardless of these near wall differences, the two

solutions match reasonably well, especially away from the wall where the interacting

flow compression would be present. Therefore, based on the comparisons of results given

in Figures 3.27, 3.28, and 3.29, an uncoupling of the CFD and DSMC solution methods

with no iterative cycle between tile two is justified. This conclusion is further supported

by the results given in the following paragraphs.

The credibility of the correlation given in Figure 3.10 is considered subsequently

by comparing results from the expanding jet CFD solution and interacting jet DSMC

solution along three line cuts on tile symmetry plane from the P = 0.01 surface outward

into the flow field. These line cut locations are shown in Figure 3.24 by the white dashed

lines labeled line 1, line 2, and line 3. Lines 1 and 2 traverses upward and forward from

the P = 0.01 surface through the jet interaction compression upstream of the nozzle

exit, and line 3 passes aft from P = 0.01 directed upward and downstream of the nozzle

exit. The flow quantities compared along tile three lines are number density, pressure,

and velocity as a function of increasing Bird breakdown parameter value, P. Given in

Figures 3.30, 3.31, and 3.32 are tile variables extracted on lines 1, 2, and 3, respectively,

fi'om tile expanding jet CFD and interacting jet DSMC flow fields. By comparing the

variation of these quantities with tile breakdown parameter value in the direction of
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expanding flow (increasing P), definite conclusions may be revealed about using the

results presented in Figure 3.10 to determine a value of P at which to uncouple the CFD

and DSMC portions of the interacting flow field.

The variation of flow properties along line 1 (see Figure 3.24), which is given

in Figure 3.30, shows that the number density, pressure, and velocity for the freely

expanding jet (CFD) and interactiug jet (DSMC) approach the same values as P --+ 0.01.

With increasing P, results from the two solutions diverge, and at P = 0.02, the flow

variables are significantly different. Note that the figure shows for P > 0.04 there is

a large increase in number density and pressure and a similar decrease in velocity for

the uncoupled CFD DSMC solution because at this location, the jet-free stream flow

interaction is significant. Along line 1, P = 0.04 occurs a distance of about 0.0075 m

from the P = 0.01 surface.

Shown in Figure 3.31 are the number density, pressure, and velocity comparisons

along line 2. Note that line 2 is above line 1 and also extends into the forward jet

interaction region. At P = 0.01, the flow variables presented in the figure from the CFD

of the expanding jet and DSMC of the interacting jet have the same values. Also, the

number density from the CFD and DSMC solutions are the same for P < 0.015 and only

diverge slightly until the breakdown parameter is greater than 0.021. The pressure and

velocity follow the same trend with increasing P. Moreover, for P > 0.021, the DSMC

result shows density and pressure increases greatly with a corresponding decrease in

velocity, and demonstrates that the initially expanding jet begins to be influenced by the

interacting flow region at P = 0.021, which is about 0.006 m from the P = 0.01 surface.
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Next, a comparisonof the.flowvariablesasa functionof breakdownparameter

valuealongline 3 is givenin Figure3.32.A trendsimilar to that of line 2 is observed,

exceptthat theP value where deviation between the freely expanding and interacting jet

results is different. For line 3, the two solutions diverge slowly until P = 0.036, where,

for increasing P, density and pressure increase rapidly, and velocity likewise decreases

(P = 0.036 occurs 0.013 m from tile P = 0.01 surface.). The sudden change in flow

properties in the DSMC solution is located where the jet flow confronts tile interacting

portion of the flow field at that location.

Although only three line cuts have been presented, they clearly show that as P is

increased, number density, pressure, and velocity differ between the freely expanding jet

CFD and the interacting jet DSMC flow field solutions. Conversely, the two solutions

approach each other as P --+ 0.01. The analysis of properties along line 1 shows the

difference becomes significant for breakdown parameter values greater than P _ 0.015.

For lines 2 and 3, the difference in properties was small until tile flow encountered

the edge of the interacting flow region. Therefore, it is concluded that the curve fit

correlation given in Figure 3.10 can be employed as an accurate guide to define the

breakdown parameter value at which to uncouple the CFD and DSMC portions of the

jet interaction flow for the present flow conditions.

Subsequently, the third issue listed at the beginning of this section is explored. A

comparison of two flat plate jet interaction simulations is provided to assess the conse-

quence of defining the jet non-interacting plume surface with a value of the breakdown

parameter larger than that suggested in Figure 3.10. In Section 3.4.4, the uncoupled

CFD DSMC simulation of a nitrogen free stream interacting with an argon jet defined
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byavalueofthenon-interactingplumebreakdownparameterof P = 0.01 was presented.

For tile present comparison, the same interaction is simulated except that the jet plume

is defined by a P = 0.02 breakdown parameter value.

As with tile P = 0.01 case, the present simulation required grid adaptation to

produce the final molecular simulation. The grid adaptation procedure was identical

to the one used for the P = 0.01 simulation. The extent of the domain, number of

adaptation cycles, level II gridding for each cycle, and nmnber of sampling time steps

for each of tile solution cycles were duplicated so that the final simulation would not

be biased by the grid adaptation. The final adapted grid produced 134.1 million steady

state molecules for the 13.25 million active cells. Note that the simulation with P = 0.01

required 134.5 million molecules, about 400 thousand molecules greater than the P =

0.02 simulation.

Flow field comparisons are made using number density contours at the two planar

locations, which bisect the jet nozzle exit location. Figures a.aaa and b show the symme-

try plane contours for the P = 0.01 and P = 0.02 cases, respectively, and Figures 3.a4a

and b show the cross flow plane number density contours at x = 0.125 m location for

tile same cases.

The flow field comparison shows that some differences exist between the two

simulations. The most obvious difference is that tile P = 0.02 solution has larger jet

plume, but more subtle differences are present. In the interaction zone, for example,

the region of maximum compression (highest number density) just forward of tile jet

plume (x -_ 0.12 m, z _ 0.02 m) for the P = 0.01 case is larger than for the P = 0.02

case (see Figure a.aa). Also, the high density region abuts the surface of the P = 0.02
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plume. It is important to note that tile boundaryconditionassignedto the jet plume

is an outgassingsurface.The outgassingsurfaceallowsa moleculemovingtowardthe

surfaceto passthroughandbedeletedfromfurtherconsiderationsratherthanamolecule

striking the surfaceandreboundingbackinto simulationdomainaswith a solidsurface

boundary. This boundary type is applicablefor the uncoupledtechniquewherefew

moleculesmoveinto the plumeregion;however,as for the P = 0.02 plume, which

abuts a high density compression, the size of the compression region may be reduced

because molecules, which should affect the flow inside the plume breakdown surface and

contribute to the interaction compression, are deleted when they cross the plume surface.

Slight differences are also shown when comparing the number density cross flow

planes of the two cases (see Figure 3.34). Near the location y _ +0.015 m and z _ 0.01 m,

the P - 0.01 c_e has a region of lower number density than the P = 0.02 case. The

difference may be caused by more complete development of the vortical flow about the

jet plume in this region for the P - 0.01 t)lume than for the larger plume of P - 0.02,

which extends closer to the vortical flow region (Also see Figure 3.20.).

Except for the differences discussed previously, both of the flow fields shown in

Figures 3.33 and 3.34 exhibit the same gross fi:atures. Jet compression forward of the

plume and expansion to the aft, of the pluine are nearly identical. For the present

flat plate jet interaction, flow field differences do not generally affect the properties on

the plate surface because the interacting flow is swept above and downstream of the

plate. There are, however, several regions on the plate surface near the nozzle exit that

differ. To show the differences near the nozzle exit caused by increasing the breakdown

parameter value, a comparison between the surface pressure contours of the P = 0.01
m
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and P = 0.02 cases is presented ill Figures 3.35a and b, respectively. Shown in tile figure

is the starboard surface of the flat plate for each case. Note that y = 0 m is the plate

symmetry line and the nozzle exit is located on the symmetry line at x = 0.125 m.

Similar to the flow field comparisons presented above, the surface pressure con-

tours shown in Figure 3.35a and b are generally in good agreement. However, a difference

is apparent at the near nozzle exit region. Shown in Figure 3.35b is a higher pressure

compression adjacent to the nozzle exit and a lower pressure wake region downstream of

the nozzle exit. These details are fllrther revealed in Figure 3.36, a close-up view of the

surface pressure and simulated oil flow in the immediate vicinity of the nozzle exit, which

is shown as a white semi-circle centered at (x = 0.125 m, y = 0.000 m). Sinmlated oil

flow streaks have also been included in the figure to indicate the effect of the contimmm

plume size on the local surface shear stress.

The figure shows surface pressure for the P = 0.01 case decreases monotonically

around the circumference of the nozzle exit from forward to aft. The pressure around the

nozzle exit of the P = 0.02 case initially decreases, sharply increases, then decreases. The

high pressure region is located at x ._ 0.124 m and y _ 0.002 m as shown in Figure 3.36b.

Additionally, the oil flow lines in the figure are bulged away from the high pressure region

for the P = 0.02 case when compared to the P = 0.01 case (Compare Figure 3.36b with

Figure 3.36a.).

The cause of the high pressure region near the jet plume base is related to the

anomaly about the base region shown earlier in Figure 3.9 for the P = 0.02 case. To

examine the anomaly in greater detail, the CFD solution of the nozzle base region (See

Section 3.3.1.) was investigated with the aid of the EnSight program, which showed the
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breakdown surface for a parameter value of P = 0.02 case folded over to the plate surface

outside of the nozzle exit parameter. This result indicates that locally about the base of

tile nozzle, an uncoupled CFD DSMC jet interaction simulation, with the plume surface

defined with P = 0.02, is not appropriate, which is evidenced by the difference in local

pressure and sinmlated oil flow of the two flow solutions shown in Figure 3.36.

Although the differences between the flow field and surface properties of these two

simulations are apparent only by a detailed analysis, they show that for a jet interaction

with Kn d = 0.038, the choice of plume breakdown parameter value does have an effect

for the flat plate geometry. Moreover, for complex configurations with a similar Kn d

value, the resultant interacting flow may impinge on a downstream surface. To describe

these types of flow, the choice of the breakdown paramctcr value may be more critical

than for the present sinmlation.

E

m
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MGS Jet Interaction with Rarefied Flow

In this chapter, the uncoupled CFD DSMC technique discussed in Chapter 2 and

applied to the fiat plate interaction in Chapter 3 is exercised to predict aerodynamics

for tile Mars Global Surveyor (MGS) planetary probe during an actively controlled aer-

obraking maneuver. In addition to providing an application of the present uncoupled

CFD DSMC method to simulate a flight condition jet interaction case, previous calcu-

lations for the same flight condition are available and allow a limited verification of the

present method.

4.1 MGS Aerobraking Maneuver

The MGS is a Mars orbiter, which is designed to obtain surface, atmospheric,

and magnetic data about the planet with its onboard instrumentation. The mission

life is planned to end early Jmmary 2000. Launched on November 7, 1996, the MGS

reached Mars orbital insertion September 11, 1997. The original mission plan called for

an aggressive series of about 300 aerobraking orbits where the vehicle would lose or-

bital momentum to frictional drag by successively passing the vehicle, in an aerobraking

configuration, through the upper Mars atmosphere during periapsis (the lowest altitude

of an orbit). The purpose of the aerobraking activity is to passively change the highly
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elliptic post-insertionorbit to a morecircularmappingorbit without extensiveexpen-

diture of onboardpropellant(SeeLee[45]for a morecomprehensiveexl)lanationof the

aerobrakingmaneuverandotheraspectsof theMGSmission.).

The original aerobrakingscheduleand configurationwerechangedbecausethe

solarpanelyoke,whichconnectsthe2-axisgimbalmechanismto the solarpanelarray,

wasdamagedwhenthe MGSsolarpanelsweredeployedshortlyafter launch.However,

the originalaerobrakingconfigurationwasextensivelystudiedby Shane[77]andShane

et al. [76]usingthe DSMC code,X2, of Rault [63]and [64]. The aerobrakingstudies

of Shaneincludedsimulationsof the attitude control system(ACS) thrustersduring

periapsiswhenthe atmosphericdensityof anorbit is greatestandjet interactionwith

the freestreamhas the most affect. For the jet interactionstudiesof Shane[77],the

Marsatmosphericdensity,Pee = 120 kg/km 3 and temperature, Tee = 148K, and the

free stream velocity, Voc = 4811 m/s. Also, the free stream gas mixture on a per mole

basis is composed of 95.5% CO 2, 2.7% N2, 1.6% Ar, and 0.2% 0 2.

Results from the jet interaction studies of Shane [77] and Shane et al. [76] are

compared with results obtained from the present uncoupled CFD DSMC technique and

are presented subsequently. For the comparison, two solutions for each angle-of-attack

case are presented, one flow field with no jet interaction and the other, a jet interacting

with the flow field. Also, note that the ACS thruster of the previous MGS jet interaction

study [77] and [76] was modeled by a disc with continuum jet nozzle exit conditions

imposed ms an inflow boundary to the DSMC simulation, which does not adequately

define the detailed jet flow physics.

The original aerobraking configuration of the MGS, shown in Figure 4.1, provides

=
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Fig. 4.1. Surface geometry of the Mars Global Surveyor (MGS) aerobraking configura-
tion.
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tile directionalorientationof tlle MGSduring an aerobrakingpass. Presentedin ttle

upperright handsideof the figureis a 3-Daxis,whichshowsthe coordinatedirections

usedfor theMGSmodel.Notethat tile solarpanelsareconfiguredsothat theyareswept,

back30° f,'omthex-y planeduring theaerobrakemaneuverto providea nominallystable

aerodynamicshape.The mainbusof the MGShasdimensionsof about 1.5m square

ill tlle x-y planeand is about 3 m high (in the z-direction),and the solarpanelarray,

includingthe drag flap at,the endof the panel,is about5 m in lengthand 2 m wide,

Also shownill Figure4.1 is the locationof oneof four rocketenginemodules,which

consistsof threeACSthrusters(twofacingforwardand onesidewaysfor roll control).

Theother threemodulesarelocatedsymmetricallyabout the mainbusin thesamex-y

plane,Theexit diameterof eachACSthruster is 0.015m (SeeLee [45]for otherMGS

details.).

4.2 CFD Modeling of Attitude Control System (ACS) Thruster

ForthepresentuncoupledCFD DSMCflowsolutionfor theMGSduringits aero-

brakingmaneuver,first theACScontinuumflowsolutionto thebreakdownsurfacemust

beobtained.TheACSthrustersusedon the MGSvehiclearePrimex (formallyRocket

ResearchCompany)modelMR-111Cmonopropellanthydrazinerockets(Tolson[84]).

To producethrust, hydrazine(N2H4) is passedthroughShell405,an iridium impreg-

natedaluminumoxide,and is decomposedcatalytically into a high-temperature and

high-pressure mixture of ammonia (NH3) , nitrogen (N2) , and hydrogen (H2) , which is

expanded through a nozzle and exhausted at the nozzle exit. Details and a brief history

|

L
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of monopropellant hydrazine technology are given by Eggers [21], Russi [71], Sackheiln

et al. [72] and Marcus [481.

A CFD solution for the current MR-111C ACS thruster configuration, fi'om the

plenum, through the nozzle throat and internal expansion, and tile external expansion

from the nozzle exit into a jet phnne, is produced by the GASP (AeroSoft [2]) computer

program. This program has been successfully employed previously to produce continuum

jet plume solutions for the Shuttle Orbiter PRCS thrusters (See Lumpkin et al. [47] and

Rault [64].).

The nozzle contour for tile MR-111C ACS thruster was obtained from Tolson [84]

and the boundary conditions for the calculations from Morris [51]. The computational

domain for tile ACS thruster solution is shown in Figure 4.2a. A closeup view of the noz-

zle region, from the plenum to exit, is shown in Figure 4.2b. The nozzle is a converging-

diverging type, which produces supersonic flow at the exit. As shown in the figure, the

computational domain consists of 400 (:ells in the flow direction and 120 cells from the

nozzle center line to the outer boundary with one-half of the computational cells used to

calculate the nozzle internal flow. The domain consists of one ccll circumferentiaIly be-

cause only an axisymmetric flow solution of the thruster is needed. AIso, the grid shown

in Figure 4.2b is finely spaced near the nozzle wall to define the nozzle wall boundary

layer.

The ACS thruster is an impulsive type, which is either fully off or on, and Mor-

ris I511 indicates that a solution for the maximum thrust, condition with plenum condi-

tions of T = 1167K and p = 0.978 MPa would best represent the thruster on condition.
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Fig. 4.2. CFD grid for tile MGS ACS thruster (Primex MR-tllC).
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Additionally, he suggests a frozen mixture with a mole fraction of 19% ammonia, 30% ni-

trogen, and 51% hydrogen be imposed at the plenum plane, and that a no-slip constant

temperature wall of 500K be used for the nozzle wall boundary condition. Outside the

nozzle, the flow expansion region was bounded by a slip wall, which extended 45 ° from

the nozzle center line axis (Morris [51]). This outer bounding angle was chosen for the ex-

pansion region to preveat the CFD solution from diverging because the local temperature

may became artificially negative during the solution process with a greater expansion

angle (See Figure 4.2a.). Stuart [81], who routinely produces CFD solutions for expand-

ing jet plumes using the GASP computer program (see References [47] and [64]), also

recommended that the flow outside the nozzle exit be modeled as inviscid because the

viscous contribution to a freely expanding flow is minimal. A first-order extrapolation

from the interior cell values was imposed as a boundary condition on the domain out-

flow boundary. The advice of both Morris [51] and Stuart [81] was used to produce the

present continuum flow ACS thruster solution.

Given tile grid and the boundary conditions discussed above, a CFD solution for

the ACS thruster was produced. The final solution L 2 norm was reduced more than 10

orders of magnitude to a constant value from tile no flow initial condition. The soIution

; -- : ::

was considered converged when the L 2 norm became constant as the flow field solution

no longer changed between time integration steps. Shown in Figure 4.3 are normalized

number density contours and flow streamlines from the ACS thruster solution. The

entire solution domain is shown in Figure 4.3a, including the expansion region. Note

that the flow streamlines in the outer expansion region do not expand to the slip wall,

which is 45" from the center line axis. Therefore, this outer slip wall boundary location
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Fig. 4.3. Number density contours and streamlines for MGS ACS thruster.
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issufficientto definetheexpandingnozzleflowfield. Figure4.3bshowsacloseupviewof

the numberdensitycontoursin the nozzlefrom theplenumto thenozzleexit condition.

Althoughnot shownin thefigure,the averageMachnumberat thenozzleexit planeis

about6.25.

4.3 Breakdown of Continuum Jet Flow

The uncoupled CFD DSMC simulation of tile fiat plate jet interaction presented

in Section 3.4, with the Knudsen number based on jet diameter, Kn d = 0.038, by defini-

tion, represents a jet interaction in the transitional rarefied flow regime. The correlation

given in Figure 3.10 applies only to jet interactions with a similar level of flow rarefac-

tion. The present MGS ACS jet interaction, however, has a Knudsen number based on

jet diameter of Kn d = 49, which describes a jet interaction with a moderately rarefied

flow regime. Because the MGS ACS jet interaction is with a rarefied fi'ee stream, a

Bird breakdown parameter value of P = 0.02 is appropriate to define the continuum jet

plume breakdown surface. Note that for P > 0.02, the expanding flow is not in thermal

equilibrium and is not adequately defined by a continuum CFD analysis.

The flow field of the ACS thruster outside the nozzle, shown in Figure 4.3a,

is analyzed to determine the extent of flow in the expanding region that should be

considered as continuum. As with the flat plate jet interaction, the Bird breakdown

parameter, P, is defined by Equation 3.10 with tile collision frequency, I/, defined by

Equation 3.11. A difference in defining P and u for flat plate jet plume and the present

ACS jet plume is that the flat plate jet is a single species and tile ACS jet is a gas
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mixture. All effectivemoleculardiameter,deft, and m()lecular mass, rn.eft, are needed

for the gas mixture to calculate P using Equations 3.10 and 3.11.

A definition for the effective molecular diameter, deft, is obtained by manipulating

Equations 1.35, 1.40, 1.41, 4.1, and 4.8 presented by Bird [11], and is given as:

[

deft = ,] 1
21/27r }-_pS=1(np_p)

(4.1)

where S is tile total number of species in the mixture and np)_p is:

n/np (4.2) ,

np,kp = ESq=l [(n/nq)Tr( j2__ )2( 1 + repel/2]
17l q / i

g

Finally, an effective molecular mass, rneff, is given as:

Mmix (4.3)

Substituting the effective molecular diameter and mass obtained from Equa-

tions 4.1 and 4.3, respectively, into Equations 3.10 and 3.11, and performing the analysis

for P = 0.02, yields the breakdown surface shown in Figure 4.4. Note the difference in

the shape of the supersonic ACS nozzle breakdown surface and the sonic flat plate jet

shown in Figure 3.11. The supersonic jet breakdown surface does not expand outward

from the centerline axis to the same extent as the breakdown surface from the sonic jet.

Because ttie ACS nozzle exit Maeh number is about 6.25, the maximum Prandtl-Meyer

turning angle of the supersonic jet is less than that of the sonic jet, resulting, therefore,

in the difference in the shape of the two breakdown surfaces.

=

IR
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Fig. 4.4. P -- 0.02 breakdown surface location for MGS ACS thruster.
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To perform molecular simulations for the MGS during its aerobraking maneu-

ver without and with the jet interacting flow fields using the DAC series of programs

(LeBeau [44]), a triangulated surface description with the proper boundary conditions

for both configurations is required. A surface description of the MGS geometry with no

ACS rocket engine modules was obtained from Wihnoth [93] and served as a template

for the two required configurations. The GridTool program (Samareh [73]) provided a

graphics environment to create surface patches for the ACS jet modules and the P = 0.02

ACS jet plume surface, and merge them at the proper location on the spacecraft. ACS

jet module surfaces were created directly in the GridTool environment; however, the jet

plume shape was first transferred from the cloud of points representation shown in Fig-

ure 4.4 to an IGES surface description with the Surfacer program (See Imageware [39].);

then, the IGES file was read into tile GridTool program. The IGES graphics format is

a compatible input file type for the GridTool program.

After producing the closed volume MGS configurations with GridTooI, grid con-

trol sources [60] were placed strategically about both geometries to control the size

distribution and number of triangles used to describe each surface. As an option, the

GridTool program outputs a FELISA (Peirb et al. [60]) formated input file. The surface

triangulation routine of the FELISA program read the GridTool output files and created

the triangulated surface description for the MGS configuration without and with the jet.

Finally, an author written code, ftodac, translated the FELISA file to the DAC

format and applied the appropriate boundary conditions for all of the surface triangles.

z
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The MGS surface boundary condition is non-catalytic, fully diffuse with fllll momentum

accommodation with a wall temperature of 300K. These conditions match those used

in the MGS study by Shane [77]. For each triangular element of the P = 0.02 ACS

jet plume surface, the ftodac code interpolated the jet plume properties from the CFD

flow field and assigned those properties to the plume outgassing surface at that spatial

location.

The surface description of the MGS with no jet consists of about 26,000 triangles

and was used to create the image shown in Figure 4.1, and the MGS configuration

with the jet plume consists of nearly 37,000 triangles, of which 1300 triangles define the

P = 0.02 plume surface. A closeup view of the ACS thruster and jet breakdown surface

is shown in Figure 4.5, which was created using the DAC triangulated surface.

4.5 DSMC Modeling of MGS

As discussed previously, DSMC for two configurations, the MGS without and

with a jet interaction flow field during an aerobraking maneuver, is applied and the

aerodynamic results are compared with results from a similar study by Shane [77] and

Shane et al. [76]. The comparison of the studies is made between the calculated yaw-

ing moment coefficient as a flmction of angle-of-attack (CMz = f(a)). To produce the

moment coefficient for the comparison, mole<:ular simulations at five angle-of-attack flow

conditions for each configuration have been performed and analyzed. Flow direction for

each configuration was changed to produce angle-of-attack ranging from -15 ° to 15° in

7.5 ° increments. Free stream flow conditions for the sinmlations were given previously in
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Section 4.1. Although molecular simulations for five angle-of-attack cases were accom-

plished, flow results for only three angles are presented, the (_ = 0 °, +IS°cases, because

these cases represent the centered and angle limited configurations of the study.

4.5.1 MGS Flow Field Without Jet Interaction

In this section, the flow field results of the molecular simulation for tile MGS

configuration with no jet interaction are presented. The simulation was applied by the

DAC code of LeBeau [44], which has the option of grid adaptation based on a previous

solution by clustering level II cells in the flow domain where higher density flow is present

to better capture the flow field physics. For the present molecular sinmlations, adjusted

simulation parameters for fine grid in higher density regions also allowed for better flow

sampling and a more accurate flow simulation.

Two grid adaptation cycles were required for each of the no jet interaction cases

before the change in calculated moment coefficient between the last two molecular sinm-

lations was insignificant. The difference in moment coefficient for the zero degree angle-

of-attack case, which is typical of the other cases, was 0.00037. The corresponding

difference in the x-directed moment was 0.081 N-m.

Shown in Figures 4.6a and b are the final adapted grid and normalized number

density contours for the zero degree angle-of-attack no jet interaction case. The cross

section (y-z plane) shown in the figure is at the center of the MGS main bus (x = 0.000 m).

Note that the number density is normalized by the free stream number density. Also

included in Figure 4.6b are flow streamlines, which show the free stream flow direction

is from the bottom to the top of the figure. The MGS is colored white in the grid
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and nunfl)erdensitycontourfiguresto better locateit within the surroundingflowfield

domain.

For the uniform,first, and secondadaptedgrid solutionsof eachangle-of-attack

case, the parallel version of the DAC series was employed on local SGI workstations

with R10000 CPUs. The total time to produce a molecular simulation for the zero

degree angle-of-attack case was 222.6 node hours, and the final adapted grid solution

required 332 Mbytes of distributed memory. The second adapted grid consisted of about

310 thousand active cells with 3.17 million simulated molecules. Once the number of

molecules in the simulation became steady, the sampling arrays were cleared, and 2500

steady state samples were obtained so that the statistical error of the simulation is about

two percent. Computational time and memory requirements for the other angle-of-attack

cases were similar.

The second grid adaptation, shown in Figure 4.6a, produced a grid with minimum

cell dimensions of one local mean free path based on the previous flow field solution. Note

the fine grid clustering (of level II cells) about the windward side of the main bus and

solar panels, where the number density is higher as shown by the contours in Figure 4.6b.

High number density pockets are also shown about the leeside of the aerobraking MGS

configuration because of flow moving between the main bus and yoke, the yoke and inner

solar panel, the inner and outer solar panels, and the outer solar panel and drag flap.

The yoke, inner and outer solar panels, and drag flap are individual components of the

solar panel, which is shown in Figure 4.1.
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Thesecondadaptedgrid andnumberdensitycontoursfor tile nojet interaction,

4-15 ° angle-of-attack MGS molecular simulations are shown in Figures 4.7 and 4.8, re-

spectively. The streamlines shown in the figures indicate the direction of the free stream

flow with respect to the aerobraking MGS configuration. Free stream flow is directed

from the lower leh to upper right side in Figure 4.7b for the 15° angle-of-attack case,

and for the -15 ° case, it is directed from the lower right to upper left side as shown in

Figure 4.8b.

Finer, tightly clustered, level II cells are shown in the region about the side of

the main bus and solar panel that is more directly exposed to the incoming free stream

flow; for example, the flow field about the solar panel on the left. side in Figure 4.7 is

defined with a greater number of fine cells than the right side solar panel. Likewise, for

the -15 ° angle-of-attack case, compare the cell distribution about the solar panel on the

right side in Figure 4.8 with one on tile left side.

Also, number density contours are more closely spaced on the more directly ex-

posed solar panels indicating larger local density gradient (See the density contours just

upstream of the left solar panel shown in Figure 4.7 and those just upstream of the right

solar panel shown in Figure 4.8.). The higher density gradient is because the free stream

flow is directed more normally to the exposed solar panel surface and turns through less

of an angle than for the other solar panel. In addition, the direction of tile free stream

flow skews the number density contours upstream and downstream of the MGS config-

uration. Note the asymmetric appearance of the number density shown in Figures 4.7b

and 4.8b when compared to the number density contours shown in Figure 4.6b.

i
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a) Final grid adaptation.
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Fig. 4.7. Planar cross section of MGS flow field with no ACS jet interaction (c_ = 15°).
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a) Final grid adaptation.

Fig. 4.8,

b) Number density coutours and streamlines.
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4.5.2 MGS Flow Field With Jet Interaction

Presented below are flow feld results about the MGS aerobraking configuration

with an interacting ACS jet thruster. Procedures for implementing tile uncoupled CFD

DSMC method, developed previously, are followed to define tlle configuration used for

tile present molecular simulation. The configuration consists of a triangulated MGS

surface and an appropriately attached thruster plume. Thruster plume flow properties,

used as an inflow boundary to tlle DSMC domain are defined on the P = 0.02 breakdown

surface, as discussed in Section 4.3. Shown in Figure 4.5 is a closeup view of the ACS

jet plume attached to a thruster on the MGS main tins. As with tile previous molecular

simulations, the DAC series of programs (LeBeau [44]) was applied to perform the DSMC

and define the flow interaction of the ACS jet with tlLe free stream. Additionally, multiple

adaptation cycles were required to assure the final results were obtained with acceptable

resolution.

Since yawing moment coefficient is the quantity sought for the comparison with

results of Shane [77], the difference in yawing moment coefficient between the previous

and current adaptation cycle was monitored to provide an indication of solution conver-

gence. When the difference was reduced to a negligible value, grid adaptation cycles were

discontinued. This occurred for the present zero degree angle-of-attack case after one

uniform and three adaptation cycles were completed and resulted in a yawing moment

coefficient difference of 0.00039 between tile second and third adaptation cycle results.

In terms of dimensional yawing moment, the difference is 0.086 N-m between the two

solutions.
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Tile DSMC for the flow field about the MGS with an interactingACSjet was

performedusingthe parallelversionof theDAC series(LeBeau[44])executedon local

SGIR10000CPUs.TheLAM (OhioSupercomputerCenter[56])versionof MPIprovided

the computerconnectivity,which consistedof up to 17computers,dependingon the

particular adaptivecycleof the solutionbeingexecuted.The final adaptiw_cycle for

the zero degree angle-of-attack case, typical of the other jet interaction cases, had the

greatest number of computers linked in parallel and consisted of 1.1 million cells with a

total of 9.2 million steady state molecules and a distributed memory of 1.1 Gbytes. The

total computational time required for the simulation was 880 node hours, of which 650

node hours were used for the final adapted grid simulation to obtain 2500 steady state

samples.

The final adapted grid for the jet interaction case resolved the flow domain into

cells of at least one mean free path. It should be noted that, for the present ACS jet

thruster, if the plume flow field from the thruster exit to the P = 0.02 breakdown surface

were resolved into cells of one mean free path, it is estimated from the CFD solution that

the molecular simulation for the plume alone would require nearly 600 million cells or,

with an average of 10 molecules per cell, about 6 billion molecules. The computational

memory requirement of the simulation would be about 600 Gbytes based on the jet

interaction case; resources for such a cah:ulation are not available. By calculating first

the continuum portion of the plume using CFD and considering it as an outgassing

plume surface, a molecular simulation using DSMC for the MGS jet interaction with an

appropriate cell spacing becomes a tractable problem with present computer technology.

=

m

E
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Presented next are tile final adapted grid and flow field results at the y-z plane

cross section of the thruster plume location (x = 0.8 m) for three of the cases. Results

for five cases were produced; however, only those for the 0 and 4-15 ° angle-of-attack

cases are presented because they represent the mid-point and extremes of the angle-of

attack range. Shown in Figure 4.9a and b are the grid and number density contours,

respectively, for the zero degree angle-of-attack case. As was clone with the figures

presented for the no jet interaction cases (See Section 4.5.1.), the MGS is colored white

in the grid and number density contour figures to better locate it in the flow field.

Level II (:ells for the third grid adaptation, shown in Figure 4.9a, are so closely

spaced in the region of the high density plume that the individual cells blend together

to form a black region upstream of the ACS plume, which is located on the left, side of

the MGS main bus a_sshown in Figure 4.5. Note that the area occupied by the fine cells

(the black region shown upstream of the plume in Figure 4.9a) is nearly the same size

as the MGS main bus.

The effect of the thruster on the free stream flow field is quantitatively demon-

strated by the number density contours shown in Figure 4.9b. The ACS jet for this case

produces significant influences on the free stream about 3.3 m upstream of the main

bus, compared to the no jet case where the influence of the tins is less than one meter

upstream as shown in Figure 4.6t) (For reference, the straight line distance between the

outer solar panel drag flaps shown in the figure is 11 m.). The jet plume causes the

munber density contours upstream of the MGS to bulge more on the left side than on

the right because the plume is offset about 0.8 m to the ieft of the main bus centerline.

This offset of the plmne causes a shadowing from the free stream of the portion of the
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a) Final grid adaptation.
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Fig. 4.9. Planar cross section of MGS flow field with ACS jet interaction (a = 0°).
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left solar panel closest to the main bus. The free stream flow is also deflected as shown

by the streamlines in Figure 4.9b.

Presented in Figure 4.10 are the final adapted grid and munber density contours

for the 15° angle-of-attack MGS jet interaction case. The figure shows a flow cross section

of the y-z plane at the ACS thruster location. Similar to the zero degree angle-of-attack

case, level II cells are closely spaced upstream of the plume (shown by the black region

in Figure 4.10a); however, unlike the Cells of the zero degree angle-of-attack case shown

in Figure 4.9a, the (:ells are asymmetrically distributed with more cells to the right.

Number density contours presented in Figure 4.10b show an asymmetric deflection

of the plume to the right, which is consistent with the jet plume flow interacting with the

fl'ee stream flow directed from the lower left. to the upper right in the figure. In addition,

number density is higher on the left solar panel than on the right solar panel because

the flow at 15° angle-of-attack impinges more directly on the left panel and because the

thruster plume shadows a portion of the right panel by deflecting the free stream flow.

Also note that grid clustering near the solar panels shown in Figure 4.10a, which is

based on the number density distribution of the previous solution cycle, indicates higher

number density on the left solar panel than on the right.

Figure 4.11 shows the final adapted grid and immber density contours for the

-15 ° angle-of-attack MGS jet interaction case at the cross section location of the ACS

thruster. The grid cross section (see Figure 4.11a) shows the level II cells at the plume

location as a dark region upstream of the thruster because they are so closely spaced.

Note that the plume grid farthest upstream from the thruster is skewed to the left. The



168

a) Final grid adaptation.

b) Number density coutours and streamlines.

Fig. 4.10.
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a) Final grid adaptation.
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b) Number density coutours and streamlines.

Fig. 4.11. Planar cross section of MGS flow field with ACS jet interaction (or = -15°).
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grid near the right solar panel is also closely spaced with level II (:ells; however, the grid

about the left solar panel is more coarsely spaced with many fewer level II cells.

Numt)er density contours and streamlines at the thruster cross section are shown

in Figure 4.111), indicating that the high density plume expands upstream fl'om the

thruster and is skewed to the left, as it interacts with the free stream. For this case,

the thruster plume shadows the left solar panel from the free stream more than the

thruster plume shadows tile right solar panel for the 15° angle-of-attack ease (Compare

the number density contours and streamlines in Figure 4.1 lb with those in Figure 4.10b.).

The left, panel for the present -15 ° angle-of-attack case is shadowed to a greater extent

because the plume, which is on the left side, is more directly in front of the panel with

respect to the free stream direction and deflects the flow. Note that tile higher number

density contours on the right solar panel for this case are similar to those of the no jet

interaction -15 ° angle-of-attack case shown in Figure 4.8b because the phHne minimally

effects the right side solar panel.

4.5.3 MCIS Surface Pressure Without and With Jet Interaction

To flH'ther illustrate the effect of the ACS jet thruster interacting with the free

stream, pressure contours on the windward surface of the MGS are presented in this

section. In the previous two sections (Sections 4.5.1 and 4.5.2) the effect of the jet inter-

action on the flow field was presented, which showed that the ACS jet t)lume redirected

the much lower density fi'ee stream and shadowed a portion of the MGS downstream

surface so that the free stream flow did not impinge directly on the surface. This caused

m
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a decrease in the flow field number density locally near tile downstream surface. Pre-

sented subsequently is the effect of the interaction oll the surface pressure. Moreover,

because aerodynamics of the aerobraking MGS are sought for a comparison with previ-

ously published results, which is given in the next section, the windward surface pressure

contours will show visually the effect of the interacting ACS jet with the rarefied flow.

Given in Figures 4.12a and b are tile surface pressure contours on the windward

side of the MGS for the no jet and .jet interaction cases, respectively, at c_ = 0 °. The

surface shown in the figure is oriented in the x-y plane opposed to the free stream

direction (See Figure 4.1.). The contours shown in Figure 4.12a result from the flow field

shown in Figure 4.6b; likewise, contours shown in Figure 4.12b result from the flow field

shown in Figure 4.9b.

The pressure contours shown in Figure 4.12a are symmetric with the highest

pressure on the base of the MGS main bus and windward side of tile thruster modules.

The pressure is lower on the left and right solar panels because they are swept 30 ° from

normal impingement by the free stream flow. With the upper left ACS thruster fired, the

pressure contours on the windward surface change substantially as shown in Figure 4.12b.

Centered about the ACS thruster location is nmeh lower pressure than for the ease with

no jet interaction (See Figure 4.12a.). As discussed previously, the higher density jet

shadows the downstream portion of tile MGS.

Presented in Figures 4.13a and b are windward surface pressure contours on the

MGS at oe = 15° without and with ACS jet interaction, respectively. The flow field that

produced the surface pressure contours given in Figure 4.13a is presented in Figure 4.7b,
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_-Solar Panel Main Bus

_lar Panel

a) No ACS jet interaction.

ACS thruster

b) ACS jet interaction.

Fig. 4.13. Windward surft_ce pressure contours on MGS (c_ = 15*).
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and the pressure contours given in Figure 4.13b are produced by the flow field presented

in Figure 4.10b.

The left solar panel in Figure 4.13a is subjected to higher pressure than the right

one because the free stream impinges more normal on the left panel. For example, see

the flow field streamlines given in Figure 4.7b, which are directed from the lower left

to the upper right and approach the left panel 15° from its surface normal, while the

streamlines glance the right panel at 45 °.

Figure 4.13b shows the surface pressure contours on the MGS at a = 15° with

an interacting ACS jet. Tile pressure in the vicinity of the firing ACS thruster on the

main bus is much lower than on the left and right solar panels. Unlike the a = 0 °

jet iateraction case (See Figure 4.12b.), the lower pressure region for the a = 15° case

extends minimally onto both panels. The pressure on the right solar panel nearest the

main bus is lower than that of the matching region on the left panel. The cause of this

pressure distribution can be explained by observing the interacting flow field given in

Figure 4.10b. The flow field streamlines in the figure demonstrate that the jet shadowing

effect is centered about the corner of the MGS main bus, which is the region of lower

surface pressure shown in Figure 4.13b.

Figures 4.14a and b show the MGS windward surface pressure contours for tile

no jet and interacting jet cases, respectively, at a = -15 °. The flow field in Figure 4.8b

produces the pressure distribution in Figure 4.14a, and the flow field in Figure 4.11b

produces the pressure distribution in Figure 4.14b.

Because the free stream angle-of-attack for the a = -15 ° simulation differs only

in the direction of the cross flow velocity component from the a = 15° simulation, the
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a) No ACS jet interaction.
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b) ACS jet interaction.

Fig. 4.14. Windward surface pressure contours on MGS (c_ = -15°).
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pressure distribution on tile MGS without jet interaction (shown in Figure 4.14a) is a

mirror image of the one shown ill Figure 4.13a having only switched sides right to left

with angle-of-attack sign change. For example, the high pressure region is on the right

solar panel for c_ = -15 ° and on the left solar panel for (_ = 15° (Compare Figures 4.14a

and 4.13a.).

With an interacting jet at a = -15°':the MGS surface pressure (shown in Fig-

ure 4.14b) is reduced on the left side of the main bus and on the ieh solar panel when

compared to the no jet case presented in Figure 4.14a. The flow field streamlines for

this condition (shown in Figure 4.11b) are directed from the lower right to the upper

left, and when the higher density jet plume interacts with the free stream and diverts

the flow, a large portion of the left solar panel is shadowed. Moreover, because the left

panel is swept 45° from the flow, it offers a smaller profile; thus, the jet plume affects a

greater area of the panel.

4.6 MGS Aerodynamics

Aerodynamic yawing moment cocfficiei_t for the MGS without and with ACS jet

interaction as a function of angle-of-attack is compared in this section. The compari-

son is made between results presented by Shane [77] and Shane et al. [76], whieh were

generated by the DSMC X2 code, and the present no jet interaction results presented in

Section 4.5.1 and jet interaction results presented in Section 4.5.2. The no jet interaction

results were produced by employing the DAC series (LeBeau [44]), and the jet interac-

tion results were produced using the present uncoupled CFD-DSMC method with the

GASP computer program (AeroSoft [2]) and DAC series.
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Thepost-processingroutineof the DACseries(sprop)wasemployedto calculate

aerodynamicmomentsfrom the MGSmolecularsimulationsby summing(integrating)

thevectorproductofpressureandshearforcecontributionswith thepositionvectorfrom

a prescribedpoint to the centroidof eachsurfacetriangle. Thepoint about whichmo-

mentsfor thepresentstudyweretakenisthesamelocationusedpreviouslybyShane[77],

which is at the centerof tile MGSmainbus in the x-y planeandat thez-locationnear

tile attachmentof thesolarpanelyokeandmainbus.To obtainthemomentcoefficient,

CMx , the moment is normalized by the product of the reference area, A, reference length,

L, and free stream dynamic pressure, q. Values of these quantities for the MGS at the

free stream density and velocity of the study are A = 17.5 m 2, L = 9 m, and q = 1.39 Pa.

Calculated yawing moment coefficient for the MGS as a function of angle-of-attack

about the x-axis, which is oriented in the direction shown by the 3-D axis in the upper

right side of Figure 4.1, is presented in Figure 4.15. Thc square symbols shown in the

figure are from the study by Shane [77], and the circular symbols are from the present

study. Open symbols are used for results with no jet interaction, and closed symbols

represent the cases with ACS jet interaction. Additionally, the direct thrust contribution

of the ACS jet is included in all of the CMx jet interaction results presented in the figure.

Although Shane [77] did not include the direct thrust contribution in his study, his jet

interaction data have been modified for the present comparison to include the direct

thrust contribution to the moment. The single ACS jet contribution to the yawing

moment coefficient is CMx,jet = -0.014 based the exit plane thrust calculated from

the ACS CFD results presented previously (See Section 4.2.). The effect of including

the direct thrust contribution to aerodynamic moment coetficient is to bias the solid



178

0.2

0.1

--E}---- no ACS thruster, X2 code
--B-- ACS thruster, X2 code

© no ACS thruster, DAC code
--O_=-- ACS thruster, uncoupled CFD-DSMC

X

O

-0.1

0
5 -10 -5 0 5 t0 15

deg

-0.2
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ACS jet interaction.
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symbolsnegativelyin Figure4.15(by CMx,jet = -0.014), which then correctly shows

the equilibrium trim condition is at an angle-of-attack of _t _ 1.5 ° (CMx = 0).

Several conclusions can be made concerning the CMx = f((t) curve shown in

Figure 4.15. The consequence of the ACS jet on the moment coetticient is not a superpo-

sition of the thrust contribution with the no ACS jet moment coeffMent curve. Thruster

plume shadowing of various portions of the MGS surface as a function of angle-of-attack

alters the surface pressure distribution, which, when integrated over the surface, changes

the slope of the CMx vs. a curve (to a larger negative value) for the aerobraking MGS

configuration as well as shifting the trim attitude by 1.5".

Moreover, for particular angle-of-attack ranges, the jet affects CMx differently

because the net effect of direct thrust and plume shadowing varies with a. Thrust

reversal occurs for a < 4.5°; that is, the negative moment increment from the ACS

jet contribution does not cancel the positive moment generated from the redistribution

of surface pressure because of the thruster plume shadowing on the MGS surface. At

a _ 4.5 °, the ACS jet thruster has no net effect on the CMz value when compared to

the no jet CMz value. However, for a > 4.5", the change in CMz from the no jet value

is negative; that is, the shadowing effect of the ACS jet on the moment is in the same

direction as the direct thrust moment; therefore, only for a > 4.5" is the ACS jet thruster

providing a contribution in the expected direction.

The comparison presented in Figure 4.15 for the MGS jet interaction cases (solid

symbols) shows that predictions from the present uncoupled CFD DSMC method are in

good agreement with those of Shane [77] for the ACS jet interacting with a moderately

rarefied flow. Good agreement between the two independent studies gives increased



180

confidenceinboth results.Additionally,thesestudiesprovideinsightiuto theunderlying

flowphysicsofthe interaction,whichisneededbymissionplannersto determinetheeffect

of a jet thruster interactingwith a rarefiedflowfield for theparticularconfigurationand

missionbeingstudied.
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Concluding Remarks

An uncoupled CFD DSMC technique has been developed, which provides solu-

tions for continuum jet interactions in the rarefied flow regime. Because the density in

the rarefied regime spans many orders of magnitude, the technique was applied to two

problems: one of a jet interaction in the transitional rarefied flow regime and the other

in a more highly rarefied regime. For both flow regimes, the continuum and molecular

analyses are uncoupled at an appropriate Bird breakdown surface.

Uncoupling the continuum and non-continuum portions of an interacting flow at

an appropriate jet plume surface offers computational advantages because continuum

CFD does not apply everywhere in the flow field and performing simulations exclusively

with DSMC would require huge computational resources. It is estimated that the CFD-

DSMC technique can reduce DSMC requirements for the entire flow field solution of jet

interaction problems by about six orders of magnitude for a sonic jet interaction and

about three orders of magnitude for a highly-expanded supersonic jet interaction.

A correlation was obtained for the interaction in the transitional rarefied flow

regime with Kn d = 0.038, which shows that the appropriate Bird breakdown surface at

the interaction interface for the uncoupling is a function of a non-dimensional parame-

ter. The correlation is used to assure that the uncoupled surface is independent of the

interaction effects; that is, the flow inside the surface is unaffected by the interaction
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and tile jet flow information passes only out of the surface. Thus, tile CFD and DSMC

solutions do not require at iterative coupling. Using the correlation, an uncoupled solu-

tion was obtained for an experimental test condition. Good agreement was shown in the

non-interacting region with the Bird G2 code; however, because the experimental results

are presently unpublished, no comparisons are included.

The uncoupled technique was also applied to an aerobraking flight condition of

the Mars Global Surveyor spacecraft with an attitude control system jet interaction in

the rarefied regime corresponding to Kn d = 49. Results of the present method compared

well with previously published results from the X2 DSMC (:ode, which gives credence to

applying the present method at that condition.

The present uncoupled CFD DSMC technique has been shown to provide solu-

tions for jet interactions in the rarefied flow regime. A correlation, which was obtained,

gives guidance for uncoupling the continuum plume defined by a Bird breakdown pa-

rameter value, P, in the transitional rarefied flow regime as function of free stream

and jet properties. For other jet interactions, which are in a more highly rarefied flow

regime, application of the method with a P = 0.02 plume provides a reasonable surface

to uncouple the continuum jet from the surrounding interaction with the rarefied flow.
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Chapter 6

Direction for Future Research

To more fully examine tile interaction of continuum jets with rarefied flow, ad-

ditional experimental and numerical studies are needed. Suggestions for some of these

studies are itemized below:

• As a further validation of the present uncoupled CFD-DSMC technique, for exam-

ple, a comparison between results from the current transitional rarefied simulation

and the experiment, when available, is needed. To facilitate this comparison, tab-

ulated results from the present study are included in the Appendix.

• Systematic studies of jet interactions in the rarefied flow regime as a function of

Kn d using generic models, such as a flat plate at non-zero (+c_) incidence, cones,

hemisphere cones, corners, rear-facing steps, etc., which may represent local vehMe

surfaces that issue reaction control jets, are needed to provide a data base of the

resultant interaction flow fields.

• The RCS nozzle exit on the surface of a transatmospheric vehicle is blended to

the outer mold line and does not necessarily issue normal from the surface. To

understand this "real life" situation, studies of curved exit, non-normal issuing jet

interactions are needed.
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• Studiesto definetile effectof clusteredmultiplejets on tile interactionareneeded.

Generally,RCSjets arearrangedsotheyareeitherfired singlyor, if morethrust

is needed,in groupsof more thanone. Multiple jet interactionstudieswill pro-

vide insight into howbest to modelthe continuumportion of tile flow to applya

numericalCFD DSMC uncoupled scheme.
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Flow Field and Surface Properties from

the Uncoupled CFD-DSMC Solution

The dissemination of the data from the experiment by Warburton [88] of the

transitional-rarefied free stream interacting with a continuum .jet ha_s been anticipated.

However, at the time of this writing, these data have not been made available. The exper-

imental dataset should include electron-beam flow visualization, surface oil flow, pressure

measured at surface tap locations, and surface heating inferred from time-accurate in-

frared imagery of the plate. Because these experimental results are not accessible, it is

appropriate herein to provide results from the present numerical study, which can be

directly compared with the experimental dataset when they become available.

In this appendix, flow field velocity vectors, number density, and temperature on

the symmetry plane, and pressure, x and y directed shear stress components, and heat

transfer on ttle upper surface of the fiat plate are presented in tabulated form. Tabulation

of the numerical results on these two planar surfaces provides an overlay of the expected

experimental data locations.

Numerical results from the simulation of the flow field at the symmetry plane

consist of 72,495 points and at the upper surface of the flat plate consist of 36,408 points.

Combined, the dataset for these two planes is nearly 110,000 points. If these data were

tabulated, it would require an inordinate number of pages. Therefore, to reduce the

dataset to a manageable size, the numerical data of the simulation is mapped to regions_ -
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of regularlyspacedcellswithan interpolationroutineof theTecplot[5]softwarepackage.

The cell countof the interpolatedgrid wasconstrainedby the tabulationof the data;

however,it wasmaximizedto faithfillly describeflowand surfacedetailsof the larger

datasets.Descriptionsof thesizeof thesedata.setsis providedin the followingsections.

A.1 Symmetry Plane Flow Field Properties

Flow field properties on the symmetry plane are presented in this section of the

appendix. As discussed previously, the flow field was mapped to a grid, which wa_s less

fine than that produced by the simulation to avoid voluminous tabulated data. The

scheme employed to depict the interacting flow field was to first produce a coarse grid

description for the overall representation, then in the region of the jet interaction, use a

fine grid description.

Shown in Figure A.1 are the number density contours on the symmetry plane of

the jet interacting flow field (also, previously given in Figure 3.20a) with the two grided

regions above the flat plate surface surrounded by rectangles and labeled as "Coarse

Grid Region" and "Fine Grid Region". Note that the coarse grid encloses the overall

interacting flow field and the fine grid encloses the jet interaction region.

To describe the flow field, x/L, z/L, n/no, u/Vc_ , w/Vcc, and nkT/p_V 2 are

tabulated subsequently. These variables describe the kinematics and thermodynam-

ics of the interacting flow. The data are normalized with Loschmidt's number, no,

Boltzmann constant, k, and tile following constants taken from the problem description:

L = 0.150m, Vcc = 1617.1m/s, and Pcc = 2.7994 × lO-4kg/m 3.
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Fig. A.1. Flow field on the symmetry plane showing locations of the coarse and fine

grid resolution regions.
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A.I.1 Coarse Grid Resolution

Table A.1 is a tabulation of the flow field variables interpolated at the node points

of tile coarse grid. The region occupied by the coarse grid and shown in Figure A.1 is

0 <_ x/L <_ 1.0 and 0 _< z/L <_ 0.4667 with a regular cell spacing of 0.0025 m in each direc-

tion, which created an array of 60 x 28 cells, each cell with a resolution of 6.25 × 10-6m 2.

As discussed previously, these data were interpolated from the calculated x-z symmetry

plane flow field (y = 0) with the Tecplot software package.

x/L

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

Table A.I: Flow field variables o11 symmetry plane, coarse
grid.

z/L
0.0000

0.0000

0.0000

0.0000]

0.0000

0.0000

0.0000

0.00001

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

n/n o

3.687 x _

3.390 x 10-4

3.326 x 10-4

2.738 x 10-4

2.011 x 10-4

2.039 x 10 -4

2.023 x 10 -4

1.998 x 10 -4

1.831 x 10 -4

1.792 x l0 -4

1.615 x 10 -4

1.763 x 10 -4

1.882 x 10 -4

1.879 x 10 -4

1.878 x 10 -4

1.810 x 10 -4

1.642 x 10 -4

1.624 × 10 -4

1.647 x 10 -4

1.727 × l0 -4

1.730 x l0 -4

1.737 x l0 -4

u/Voo

0.607

0.536

0.524

0.398

0.279

0.311

0.254

0.257

0.177

0.187

0.229

0.182

0.172

0.157

0.153

0.137

0.119

0.117

0.125

0.114

0.104

0.112

8.883 x 10-3

1.609 x 10-3

7.120 x 10-3

5.974 × 10-3

6.633 x 10 -3

2.736 x 10 -3

8.531 × 10 -4

8.511 x 10 -3

5.650 x 10 -4

4.353 × 10 -3

5.881 x 10 -3

-5.122 x 10 -3

-4.176 × 10 -3

-2.168 × 10 -3

-4.760 x 10 -4

2.073 × 10 -3

2.846 x 10 -3

4.265 × 10 -3

1.505 x 10 -3

1.970 x 10 -3

-3.348 x 10 -3

11
1.149 × 10 -] II

8.545 x 10 -2

8.398 x 10 -2

7.553 x 10 -2

5.471 x 10 -2

5.603 x 10 -2

5.292 x 10 -2

5.172 x 10 -2

4.369 × 10 -2

4.195 × 10 -2

3.945 x 10 -2

4.215 x 10 -2

4.495 × 10 -2

4.357 x lO -2

4.319 x 10 -2

4.028 × 10 -2

3.524 x lO -2

3.448 x lO -2

3.47l × lO-2

3.656 × lO-2

3.566 x lO-2

3.623 × 10-2
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.3667

0.3833

0.4000

0.4167

0.4333

0.45O0

0.4667

0.4833

0.5000

0.5167

0.5333

0.550O

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.75O0

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

z/L
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

n/n o

1.691 x I0 -4

1.716 x 10 -4

1.652 x 10-4

1.631 × 10 -4

t.660 × 10 -4

1.696 × 10 -4

1.755 × 10 -4

2.010 x 10 -4

2.460 × 10-4

2.955 x I0 -4

3.432 × 10-4

4.066 × 10-4

4.265 × 10-4

4.590 x 10-4

4.950 x 10-4

5.145 × 10-4

5.105 x 10 -4

5.260 × 10 -4

5.651 × 10 -4

6.725 × 10 -4

8.239 x 10 -4

9.436 x 10 -4

8.614 × 10 -4

7.135 x 10 -4

6.309 x 10 -4

5.718 x 10 -4

3.427 × 10-4

2.226 × 10-3

4.055 x 10 -3

3.962 × 10 -4

2.600 × 10-5

2.918 x 10 -5

3.830 x 10 -5

4.442 x 10-5

5.067 × 10-5

5.084 x 10-5

u/V_

0.106

0.109

0.100

8.008 x 10-2

8.584 x 10-2

8.435 x 10-2

7.063 x 10-2

5.132 x 10-2

3.483 x 10-2

I.ii5 x I0 -2

1.871 x 10 -3

-8.273 × 10 -3

-1.139 × 10-2

-1.366 × 10-2

--1.478 × 10-2

-1.482 × 10-2

-2.455 × 10 -2

-3.272 x 10 -2

-4.079 × I0 -2

-4.014 × 10 -2

-2.728 x 10 -2

1.712 × 10-3

3.125 x 10-2

4.417 × 10-2

3.570 x 10-2

3.091 x 10 -2

3.410 x 10 -2

-0.197

-9.125 x 10 -4

0.221

0.129

6.970 × 10 -2

4.292 × 10 -2

3.320 × 10-2

3.370 x 10-2

3.413 x 10 -2

w/Voo

2.373 x 10 -4

-1.999 x 10-3

1.519 x 10-3

3.773 x 10-4

8.333 x 10-5

1.644 x 10-3

-2.257 x 10-3

-6.586 x 10-4

-8.990 x 10-4

4.315 x IO -3

1.976 x 10 -3

-7.409 x 10 -4

-1.524 x 10 -3

-3.486 x 10 -4

-5.437 x 10 -4

2.724 x 10 -4

1.508 x 10 -3

2.111 x 10 -3

3.379 x 10 -4

3.204 x 10-3

1.084 x 10-4

1.795 x 10-3

5.436 x 10 -4

2.391 x 10 -3

-4.730 x 10-5

-3.605 x 10-6

2.521 x 10-3

0.172

0.183

6.468 x 10-2

5.563 x 10 -4

3.456 x 10-3

-3.004 x 10-3

1.946 x 10 -3

2.370 x 10 -3

2.214 x 10 -3

nkT/pooV
X3

3.530 x 10 -2

3.642 x 10 -2

3.324 x 10 -2

3.226 x 10 -2

3.354 x 10 -2

3.483 × 10 -2

3.514 x 10 -2

4.020 x 10-2

4.732 x 10 -2

5.515 x IO -2

6.279 x 10 -2

7.013 × 10 -2

7.532 x 10 -2

8.085 × 10 -2

8.438 x 10 -2

8.624 x 10 -2

8.990 x 10 -2

9.461 x 10-2

1.024 x 10-]

1.269 x 10-1

1.578 x 10-1

1.759 x 10-1

1.565 x 10-1

1.240 x 10-1

1.073 x 10 -1

9.359 x 10 -2

5.312 x 10 -2

1.181 x 10 -1

2.015 x 10-1

1.655 x 10-2

2.588 x 10 -3

4.147 x 10-3

5.703 x 10-3

6.767 x 10-3

7.556 x 10 -3

7.568 x 10 -3



x/L
O.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

O.3333

O.35OO

O.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
0.0000

0.0000

0.0000

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

n/n o

5.173 x 10-5

5.107 × 10-5

3.868 x 10-5

2.251 x 10-4

2.421 x 10-4

2.642x lO-4

2.937x 10-4

2.977x 10-4

2.931x 10-4

2.700x 10-4

2.399× 10-4

2.149x 10-4

1.862x 10-4

1.723x 10-4

1.721x 10-4

1.629× 10-4

1.584x 10-4

1.535× 10-4

1.532x lO-4

1.482x lO-4

1.433x lO-4

1.418x 10-4

1.412x 10-4

1.413x 10-4

1.395x lO-4

1.375x 10-4

1.340x 10-4

1.324x 10-4

1.310x 10-4

1.332x 10-4

1.369x 10-4

1.449× 10-4

1.555 × 10 -4

1.738 x l0 -4

2.082 × 10 -4

2.526 × l0 -4

u/V_o

3.967x 10-2

4.373x 10-2

1.677x 10-2

0.998

0.975

0.948

0.911

0.858

0.828

0.789

0.746

0.712

0.656

0.569

0.558

0.502

0.459

0.426

0.441

0.436

0.386

0.372

0.356

0.339

0.324

0.311

0.302

0.292

0.285

0.270

0.249

0.223

0.190

0.163

0.120

5.936 x lO -2

-w/V 
-1.692 x 10-3

-2.890 x 10-3

-8.950 x 10-4

1.816x 10-3

2.531x 10-2

5.537x 10-2

8.540 x 10 -2

9.455 × 10 -2

9.021 × 10 -2

8.215 x 10 -2

6.999 × 10 -2

6.108 x 10 -2

4.400 x 10 -2

2.814 × 10 -2

3.539 × 10 -2

3.170 × 10 -2

2.519 x 10 -2

2.174 x 10 -2

2.476 x t0 -2

2.082 x 10 -2

1.408 x 10 -2

1.081 x 10 -2

1.178 x 10 -2

1.210 x 10 -2

1.206 x 10 -2

1.090 x 10 -2

1.125 x 10 -2

1.106 x l0 -2

1.042 x l0 -2

1.057 x 10 -2

1.219 x 10 -2

1.461 x l0 -2

2.066 x 10 -2

2.391 x 10 -2

2.167 x 10 -2

1.801 x l0 -2

nkT/PooV 2

7.892x 10-3

6.081x 10-3

7.990x 10-3

1.388x 10-2

2.076x 10-2

3.060x 10-2

4.214x 10-2

4.659x 10-2

4.819x 10-2

4.717× lO-2

4.530x 10-2

4.332x 10-2

4.263x 10-2

4.359x 10-2

4.322x 10-2

4.308× 10-2

4.164x 10-2

3.973× 10-2

3.863x 10-2

3.784x 10-2

3.738x 10-2

3.729x 10-2

3.705x 10-2

3.634x 10-2

3.566x 10-2

3.458× 10-2

3.360x lO-2

3.341x lO-2

3.396x 10-2

3.509x 10-2

3.733x lO-2

4.083 x lO-2

4.721x lO-2

5.663x 10-2

6.422x lO-2



x/L
0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).
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z/L
0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0167

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

n/no

2.783 x 10 -4

3.142 x 10-4

3.491 × 10-4

3.677 x 10-4

3.716 × 10-4

3.594 x 10-4

3.427 × 10-4

3.346 x l0 -4

3.560 x 10 -4

4.205 × 10-4

4.932 × 10 -4

4.943 × 10 -4

4.563 x 10-4

4.813 x 10-4

5.670 x 10-4

2.145 × 10-3

7.335 × 10-3

7.518 × 10-3

6.575 x l0 -3

1.964 × l0 -3

1.347 × 10-4

5.955 × 10 -5

5.490 x 10 -5

5.568 × 10 -5

5.712 × 10 -5

5.707 × 10 -5

5.595 × 10 -5

5.347 × 10 -5

2.228 x lO -4

2.233 × 10 -4

2.250 x 10-4

2.321 x 10-4

2.492 x 10-4

2.871 x lO-4

3.405 × lO-4

3.695 x 10-4

u/V_
3.000 x 10 -2

8.878 × 10 -3

-1.229 × 10 -2

-2.831 × 10 -2

-4.463 × 10-2

-7.266 x 10-2

-0.106

-0.129

-0.121

-6.348 × 10-2

2.053 x 10 -2

9.941 x 10 -2

0.133

0.101

2.159 x 10 -3

-0.238

-0.185

5.488 x 10 -3

- 0.191

0.270

0.281

0.176

0.108

8.843 x 10-2

8.298 x 10-2

8.295 x t0 -2

8.606 x 10-2

9.285 × 10-2

0.999

0.999

0.998

0.996

0.989

0.975

0.951

0.933

w/Voo

1.430 x 10 -2

8.310 × 10-3

6.310 × 10 -3

6.936 × 10 -3

6.592 × 10 -3

1.435 × 10 -2

1.840 × 10 -2

9.877 × 10 -3

-2.842 × 10 -2

-7.839 x 10-2

-0.106

-5.830 x 10-2

8.123 × 10-3

2.597 × 10-2

3.751 × lO-2

0.173

0.220

0.226

0.215

0.174

9.913 x 10-2

6.589 × 10 -2

4.703 × 10 -2

3.594 × 10 -2

3.076 × lO-2

2.629 × lO-2

2.097 × 10-2

1.304 × lO-2

3.264 × 10-4

2.369 x lO-4

1.991 × lO-3

9.344 × 10-3

2.723 × 10-2

5.635 × 10-2

9.290 × lO-2

O.llO

nkT/PccV

7.052 × 10 -2

7.686 × 10 -2

8.092 x 10 -2

8.491 x 10-2

8.811 x 10-2

8.954 x 10-2

9.291 × 10-2

9.902 × 10-2

1.152 × 10-1

1.423 × 10-1

1.565 × 10 -1

1.375 x 10 -1

1.101 x 10 -1

1.060 × 10 -1

1.073 x 10 -1

9.137 × 10-2

1.633 x 10-1

1.813 × 10-1

1.408 × 10-1

3.634 × 10-2

5.218 x 10-3

6.651 × 10-3

7.557 x 10-3

8.018 × 10-3

8.391 x 10-3

8.495 × 10 -3

8.415 × 10 -3

8.173 x 10 -3

7.347 × 10 -3

7.425 × 10-3

7.714 × 10-3

8.591 x 10-3

1.087 × 10-2

1.614 x 10-2

2.558 × 10 -2

3.249 × 10-2



x/L
L]333
t.1500
1.1667
L1833
1.2000
L2167
1.2333
1.2500
t.2667
1.2833
1.3000
1.3167
1.3333
_.3500
1.3667
1.3833
L4000
L4167
L4333
1.4500
1.4667
1.4833
L5000
L5167
1.5333
1.5500
t.5667
1.5833
1.6000
1.6167
L6333
L6500
L6667
L6833
L7000
L7167
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

z/L
0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

n/no

3.837 × 10-4

3.759 x 10-4

3.210 x 10 -4

2.834 x 10-4

2.624 x 10-4

2.349 x 10-4

2.132 x 10 -4

1.885 x 10-4

1.743 x 10-4

1.687 x 10-4

1.548 × 10-4

1.479 x 10-4

1.438 x 10-4

1.400 x 10 -4

1.373 x 10 -4

1.404 x 10 -4

1.333 × 10 -4

1.285 x 10 -4

1.282 x 10 -4

1.293 × 10 -4

1.336 x 10 -4

1.414 x 10 -4

1.557 x 10 -4

1.758 x 10 -4

1.979 × 10 -4

2.267 × 10 -4

2.558 x lO -4

2.740 x 10 -4

2.938 x lO -4

3.072 x 10 -4

2.977 x 10 -4

2.776 x 10 -4

2.570 x 10 -4

2.656 x 10 -4

3.123 x 10 -4

4.100 × 10 -4

u/V_

0.912

0.898

0.870

0.841

0.817

0.784

0.748

0.692

0.652

0.654

0.615

0.589

w/Vo 
0.118

0.116

0.107

9.403 × 10-2

8.799 × 10-2

8.062 x 10-2

7.630 × 10-2

6.327 × 10-2

5.288 x 10-2

5.082 × 10-2

4.211 x 10 -2

4.024 × 10-2

0.564

0.543

0.522

0.555

0.514

0.486

0.467

3.654 × 10-2

3.575 × 10 -2

2.991 x 10 -2

3.497 x 10 -2

2.889 x 10 -2

2.711 x 10 -2

2.644 x 10-2

0.444

0.414

0.378

0.314

0.261

0.232

0.162

9.768 x 10-2

6.304 x 10-2

3.048 x 10 -2

7.536 x 10 -4

-2.440 x 10 -2

-4.415 x 10 -2

-5.601 x lO -2

-5.413 x lO -2

-1.411 x 10 -2

2.701 x 10-2

2.698 x 10 -2

3.002 x 10 -2

3.253 × 10 -2

3.494 × 10 -2

5.010 x 10 -2

6.224 × 10 -2

4.489 × 10 -2

3.303 x 10 -2

3.038 x 10 -2

2.658 x 10 -2

2.558 x 10 -2

3.532 × 10 -2

2.934 x 10 -2

-8.112 x 10 -3

-8.904 x 10 -2

-0.203

-0.229

4.228 x 10 -2

4.252 × 10 -2

4.254 × 10 -2

4.315 x 10 -2

4.280 x 10 -2

4.243 × 10 -2

4.155 × 10 -2

4.054 x 10 -2

3.895 x 10 -2

3.760 x 10 -2

3.707 x 10 -2

3.679 × 10 -2

3.646 x 10 -2

3.590 × 10 -2

3.528 x 10 -2

3.423 x 10 -2

3.379 x 10 -2

3.418 × 10 -2

3.513 x 10 -2

3.721 × 10 -2

4.064 × 10 -2

4.629 × 10 -2

5.437 x 10-2

6.329 × 10 -2

7.182 × 10-2

7.776 × 10-2

8.169 × 10-2

8.579 × 10-2

8.954 x l0 -2

8.976 × 10 -2

8.924 × l0 -2

8.987 × 10 -2

9.821 × 10 -2

1.100 x l0 -1

1.136 x l0 -1
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

] z/L

0.0333

0.0333

0.0333

0.0333

O.0333

0.0333

0.0333

0.O333

0.0333

0.0333

0.0333

0.0333

0.O333

0.0333

0.0333

0.O333

0.0333

0.0500

O.O500

0.0500

0.0500

0.0500

0.0500

0.0500

0.O5O0

0.0500

0.0500

0.0500

0.0500

0.0500

0.0500

0.0500

0.0500

O.O5O0

0.0500

0.0500

n/n o

4.149 x 10-4

32628 x 10.4

4.933 x 10-4

1.918 x 10 -3

5.268 x 10.3

5.830 x 10-3

5.777 x 10-3

5.595 x 10-3

5.073 x 10-3

1.588 x 10 -3

3.260 x 10 -4

1.048 x 10 -4

6.980 x 10 -5

6.283 x 10 -5

6.214 x 10 -5

6.037 x 10 -5

5.811 x 10 -5

2.251 x 10.4

2.245 x 10.4

2.243 x 10.4

2.261 x 10.4

2.260 x 10-4

2.262 x 10.4

2.325 x 10 .4

2.521 × 10-4

2.616 x 10 -4

3.067 x 10.4

3.828 x 10 .4

4.424 x 10 .4

4.668 x 10 .4

4.483 x 10 .4

4.104 x 10 -4

3.674 x 10 .4

3.229 x 10 -4

2.876 x 10 .4

2.628 x 10 .4

u/Vo_

6.670 x I0 _2

7.104 x 10 -2

-2.869 x 10 -2

-0.198

-0.225

-0.121

1.072 x 10.4

0.123

0.228

0.267

0.287

0.233

0.162

0.129

0.122

0.120

0.123

1.000

1.000

1.001

1.000

1.000

1.000

0.999

O.994

0.990

0.980

0.966

0.953

0.941

0.929

0.916

0.900

0.877

0.850

0.834

w/V_o

-0.I28

1.158 x 10 -2

8.940 x 10 -2

0.195

0.237

0.243

0.242

0.239

0.237

0.I95

0.154

0.119

8.732 x 10-2

6.942 x 10-2

5.996 x 10-2

5.064 x 10-2

4.217 × 10-2

-5.220 x 10 -5

-5.138 x 10 -5

-1.579 x 10 .4

1.160 x 10 -4

-1.034 x 10 .4

7.335 x 10 -4

6.192 x 10 -3

2.234 x 10 -2

3.702 × 10 -2

6.153 x 10 -2

9.568 x 10 -2

0.120

0.130

0.130

0.124

0.119

0.111

0.103

9.285 x t0 -2

nkT/pc_V _"

9.915 x 10 .2

8.615 x 10-2

1.030 x 10-1

1.166 x 10-1

6.543 x 10-2

8.435 x 10-2

8.841 x 10-2

7.977 x 10 -2

6.083 x 10-2

1.882 x 10 -2

5.810 x 10 -3

7.264 x 10-3

7.953 x 10-3

8.203 x 10-3

8.505 x 10-3

8.520 x 10-3

8.358 × 10 -3

7.419 x 10 -3

7.382 x 10 -3

7.375 x 10 -3

7.436 x 10 -3

7.449 x 10 -3

7.549 x 10 -3

8.103 × 10 -3

1.014 x 10-2

1.153 × 10 -2

1.561 x 10 -2

2.378 x 10 -2

3.183 x 10 -2

3.760 x 10 -2

4.022 x 10 -2

4.074 x 10 -2

4.073 x 10 -2

4.076 x 10 -2

4.108 x 10 -2

4.012 x 10-2
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L z/L

0.3167 0.0500

0.3333 0.0500

0.3500 0.0500

0.3667 0.0500

0.3833 0.0500

0.4000 0.0500

0.4167 0.0500

0.4333 0.0500

0.4500 0.0500

0.4667 0.0500

0.4833 0.0500

0.5000 0.0500

0.5167 0.0500

0.5333 0.0500

0.5500 0.0500

0.5667 0.0500

0.5833 0.0500

0.6000 0.0500

0.6167 0.0500

0.6333 0.0500

0.6500 0.0500

0.6667 0.0500

0.6833 0.0500

0.7000 0.0500

0.7167 0.0500

0.7333 0.0500

0.7500 0.0500

0.7667 0.0500

0.7833 0.0500

0.8000 0.0500

0.8167 0.0500

0.8333 0.0500

0.8500 0.0500

0.8667 0.0500

0.8833 0.0500

0.9000 0.0500

n/n o

2.365 x 10-4

2.138 × 10-4

1.950 × 10-4

1.822 × 10-4

1.714 × 10-4

1.623 x 10-4

1.543 × 10 -4

1.484 x 10-4

1.432 × 10 -4

1.439 × 10 -4

1.483 × 10 -4

1.529 x 10 -4

1.641 × 10 -4

1.846 × 10 -4

2.076 × 10 -4

2.249 x 10 -4

2.429 × 10 -4

2.560 × 10 -4

2.658 × 10 -4

2.674 × 10 -4

2.536 × 10 -4

2.391 × 10 -4

2.468 × 10 -4

2.914 x 10-4

4.091 × 10 -4

3.961 × 10 -4

3.799 × 10-4

1.175 x 10-3

3.199 x 10-3

4.788 × 10-3

4.994 x 10-3

4.975 × 10-3

4.931 x 10-3

4.720 x 10-3

2.637 × 10-3

1.188 x 10-3

u/V_
0.811

0.789

0.766

0.741

0.705

0.691

0.674

0.653

0.630

0.600

0.568

0.545

O.504

0.406

0.333

0.265

0.199

0.142

0.101

7.573 x lO -2

6.292 x 10 .2

4.134 x 10 .2

1.453 x 10 .2

4.848 × 10 -3

2.158 x 10-2

2.772 x 10.2

-5.139 x 10 -2

-0.175

-0.216

-0.186

-0.101

9.554 × 10 -4

0.104

0.191

0.232

0.263

w/Voo

8.230× 10-2

7.507x 10-2

6.835x 10-2

6.590× 10-2

5.994x 10-2

5.503x 10-2

5.333x 10-2

4.890x 10-2

4.437x 10-2

4.736x 10-2

5.192× iO-2

6.228× 10-2

7.087× 10-2

8.087 × 10 -2

8.865 × 10 -2

8.046× 10-2

7.114x 10-2

5.724x 10-2

5.436× 10-2

4.801 × 10-2

3.430× 10-2

-1.216 × 10-2

-0.127

-0.269

-0.281

-0.144

7.214 × 10-2

0.201

0.243

0.274

0.272

0.270

0.272

0.271

0.238

0.205

nkT/pooV t
)O

3.888× 10-2

3.758x 10-2

3.633× 10-2

3.601x 10-2

3.611× 10-2

3.496x 10-2

3.431x 10-2

3.396x 10-2

3.401x lO-2

3.608x 10-2

3.869x 10-2

4.130 × lO-2

4.722 x I0-2

5.890x lO-2

7.016x 10-2

7.782x I0-2

8.388 x 10 -2

8.679 × 10 -2

8.900 × 10 -2

8.913 x 10 -2

8.736 × lO -2

8.710 x 10 -2

9.364 × 10 -2

1.004 x 10 -1

9.564 x 10 -2

8.126 x 10 -2

7.595 x 10 -2

9.546 x 10 -2

4.329 x lO -2

4.930 x 10 -2

5.719 x 10 -2

5.821 x lO -2

5.568 x 10 -2

4.790 × lO -2

2.421 x lO-2

1.063 x lO -2
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.9167

' 0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0,1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

O.40OO

0.4167!

0.4333

0.45001

0.4667

0.4833

z/L
0.0500

0.0500

0.0500

0.0500

0.0500

0.0500

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667l

0.0667

0.0667

n/no
4.174 × 10 -4

1:500 × 10 -4

8.336 x 10 -5

6,850 × 10 -5

6.456 × 10-5

6.147 × 10-5

2.238 × 10 -4

2.238 × 10 -4

2.247 x 10 -4

2.238 × 10-4

2.238 x 10-4

2.245 × 10-4

2.247 x 10 -4

2.229 x 10 -4

2,242 x 10 -4

2.269 x 10 -4

2,293 x 10-4

2.421 x 10-4

2.652 x 10-4

3.211 x 10 -4

4.017 × 10 -4

4.846 x 10 -4

5.332 x 10 -4

5.310 x 10-4

5.047 x 10-4

4.617 x 10-4

4.115 x 10 -4

3.723 x 10 -4

3.350 x 10 -4

2.934 x 10-4

2.714 x 10-4

2.468 x 10 -4

2.294 x 10 -4

2.126 x 10 -4

2.017 x 10 -4

1.940 x 10-4

u/V 
0.280

0.254

0,192

0.158

0.148

0.145

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.997

0.993

0.985

0.973

0.964

0.955

0.948

0.942

0.933

0.922

0.913

0.900

0.8?8

0.865

0.848

0.829

0.8tl

0.797

0.779

w/roe
0.179

0.155

0.120

9.954 x 10-2

8.568 x 10-2

7.500 x 10-2

-5.231 x 10 -5

-3.912 x 10-4

-2.812 x 10 -4

-1.341 x 10 -4

-4.489 x 10 -4

-1.051 x 10 -4

1.495 x 10-4

1.651 x 10-4

9.318 x 10 -4

3.333 x 10 -3

5.850 x 10 -3

1.387 x 10 -2

2.967 x 10-2

6.050 x 10 -2

9.462 x 10 -2

0.122

0.133

0.134

0.133

0.128

0.121

0.114

0.106

9.881 x 10-2

9.316 x 10-2

8.554 x 10-2

8.101 x 10-2

7.821 x 10-2

7.621 x l0 -2

7.525 x 10 -2
I

nkT/PooV 2

6.617 x 10 -3

7.609 x 10-3

7.962 x 10 -3

8.103 × 10 -3

8.077 × 10 -3

7.354 x 10 -3

7.364 x 10 -3

7.398 x 10 -3

7,361 × 10 -3

7.378 × 10-3

7.384 x 10-3

7.392 × 10 -3

7.329 x 10 -3

7.415 × 10 -3

7.604 x 10-3

7.808 × 10 -3

8.742 × 10-3

1.063 x 10-2

1.533 × 10 -2

2.260 x 10 -2

3.100 × 10 -2

3.714 × 10 -2

3.951 × 10-2

4.057 x 10 -2

4.037 × 10 -2

3.935 × 10 -2

3.817 × 10 -2

3.718 × 10 -2

3,660 × 10-2

3.597 × 10-2

3.537 x 10 -2

3.531 × 10 -2

3.473 x 10 -2

3.433 x 10-2

3.481 x 10 -2



0.5000
0.5167
0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).
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!0.0667

[0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0833

0.0833

0.0833

0.0833

0.0833

f.821 × 10 -4

1.896 × 10 -4

2.039 × 10 -4

2.225 x 10 -4

2.372 × 10 -4

2.448 x 10 -4

2.526 x 10 -4

2.519 x 10 -4

2.448 x 10 -4

2.440 × 10-4

2.690 × 10 -4

3.414 x 10 -4

5.263 × 10-4

5.001 × 10 -4

7.131 × 10-4

2.557 x 10-3

2.713 × 10-3

4.270 x 10-3

4.577 x 10-3

4.320 x 10-3

4.473 x 10 -3

4.170 × 10 -3

2.683 × 10 -3

1.625 × 10 -3

8.854 × 10 -4

4.302 × 10 -4

1.864 x 10 -4

9.411 x 10 -5

7.007 × 10 -5

6.516 x 10 -5

2.232 x 10 -4

2.239 x 10 -4

2.236 x 10 -4

2.238 x 10 -4

2.238 x 10-4

u/V_o

0.735

0.659

0.601

0.550

0.477

0.400

0.329

0.272

0.231

0.194

0.148

7.325 × 10 -2

-3.574 x 10 -4

2.248 x 10 .3

-5.549 x 10 .3

-0.141

-0.194

-0.199

-0.152

-8.624 x 10-2

-1.466 x 10-3

8.583 x 10-2

0.152

0.201

0.235

0.260

0.274

0.257

0.206

0.175

0.164

1.000

1.000

1.000

1.000

1.000

w/V_

7.990 x 10 -2

8.542 x 10 -2

9.323 x 10 -2

0.119

0.126

0.118

O.lO1

8.541 x 10 -2

7.214 x lO -2

5.447 x 10 .2

1.564 x 10.2

-8.850 x 10 -2

-0.252

-0.262

-8.651 × 10 -2

0.177

0.250

0.266

0.295

0.298

0.294

0.298

0.295

0.266

0.238

0.212

0.192

0.177

0.145

0.122

0.108

-3.446 x 10 -4

-2.107 x 10 -5

7.703 x 10 -5

-1.735x 10 -4

-1.636 x 10 -4

nkT/pooV 2

3.739 x 10-2

4.363 x 10-2

5.142 x 10 -2

6.051 x 10-2

7.257 × 10-2

8.218 × 10-2

8.769 × 10-2

9.096 × 10-2

9.015 × 10-2

8.855 x 10 -2

9.231 × 10 -2

1.092 x 10 -1

1.257 x 10 -1

1.199 × 10 -1

1.006 x 10 -1

8.306 x 10 -2

5.757 x 10 -2

2.317 × 10 -2

3.978 x lO -2

4.932 × 10 -2

4.286 x 10 -2

4.758 × lO -2

3.877 × 10 -2

2.160 x 10 -2

1.205 × 10 -2

6.368 × 10 -3

4.030 × 10 -3

6.120 × 10 -3

7.184 × 10 -3

7.194 x 10 -3

7.512 × 10 -3

7.351 × 10-3

7.372 x lO-3

7.383 × lO-3

7.390 x 10 -3

7.375 x 10-3



210

Table A.I: Flow field variablesonsymmetryplane,coarse
grid (continued).

x/L
0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.45O0

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

z/L
0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.O833

0.0833

0.0833

0.0833

O.O833

0.O833

0.0833

O.O833

0.0833

0.0833

0.0833

0.0833

0.O833

0.0833

0.0833

O.0833

0.0833

0.0833

0.O833

0.0833

0.0833

O.O833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

n/no

2.246 x 10-4

2.242 x 10-4

2.242 × 10-4

2.238 × 10 -4

2.242 x 10-4

2.243 × 10-4

2.238 x 10-4

2.242 x 10-4

2.252 × 10-4

2.273 × 10 -4

2.329 × 10-4

2.523 × 10-4

3.090 × 10 -4

3.950 × 10 -4

4.962 x 10 -4

5.605 × 10 -4

5.858 x t0 -4

5.671 × 10 -4

5.316 × 10 -4

4.893 x 10-4

4.516 x 10 -4

4.149 × 10 -4

3.811 x 10-4

3.443 × 10 -4

3.118 x I0 -4

2.863 × 10-4

2.759 × 10-4

2.681 × 10-4

2.658 × 10 -4

2.719 × 10 -4

2.819 × 10 -4

2.860 × 10 -4

2.756 x 10 -4

2.642 × 10 -4

2.539 × 10 -4

2.595 × 10 -4

u/V_

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.998

0.995

0.988

0.978

0.968

0.962

0.957

0.954

- 0.951

0.946

0.940

0.933

0.924

0.912

0.900

0.884

0.867

0.837

0.794

0.728

0.650

0.566

0.494

0.425

0.369

0.294

w/Voo

-6.083 x 10-4

-2.729 x 10-4

-5.253 × 10-4

-2.310 x 10 -4

-1.354 × 10-4

2.203 × 10 -4

5.654 x 10 -4

6.438 x 10 -4

1.302 x 10 -3

3.443 x 10 -3

8.038 x 10 -3

2.372 x 10 -2

5.669 × 10 -2

9.228 x 10 -2

0.121

0.135

0.138

0.136

0.131

0.126

0.121

0.117

0.111

O.106

0.101

9.692 x 10 -2

9.888 x 10 -2

0.108

0.119

0.137

0.151

0.150

0.133

0.120

9.978 × 10-2

7.365 × 10-2

nkT/pooV z

7.407 x 10-3

7.417 x 10-3

7.398 x 10 -3

7.368 x 10 -3

7.389 × 10-3

7.422 × 10-3

7.390 × 10-3

7.379 x 10-3

7.463 x 10-3

7.600 x 10-3

8.060 x 10-3

9.663 × 10-3

1.414 × 10-2

2.119 × 10-2

2.981 × 10-2

3.610 × 10 -2

3.962 × 10 -2

4.001 x lO -2

3.902 x 10-2

3.755 x 10 -2

3.676 x 10 -2

3.614 × 10 -2

3.540 x 10 -2

3.503 x 10 -2

3.445 x 10-2

3.463 x 10-2

3.671 x 10 -2

4.092 x 10-2

4.833 x 10-2

6.010 x 10-2

7.493 x 10 -2

8.712 x 10 -2

9.164 x 10 -2

9.204 x 10 -2

9.104 × 10 -2

9.904 × 10 -2



x/L
0.6833

O.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333 I

0.8500 I

0.8667 I

0.8833 ]

0.9000 ]

0.9167 t

0.9333 1

0.9500
O.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667
0.08331

0.10001

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000 [

0.2167 [
E

0.2333 [0_.?500
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.0833

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

n/no

-3.042 x 10-4

4.129 x 10-4

7.519 x 10-4

7.913 x 10-4

1.797 x 10-3

2.108 × 10 -3

2.413 x 10-3

3.397 × 10-3

3.854 × 10-3

3.817 x 10 -3

3.721 x 10 -3

3.426 x 10 -3

2.428 x 10 -3

1.668 × 10 -3

1.109 × 10 -3

6.768 x 10 -4

3.979 x 10 -4

2.108 × 10 -4

1.043 × 10 -4

7.748 x 10 -5

2.243 × 10 -4

2.234 x 10 -4

2.227 x lO-4

2.246 x lO-4

2.254 × 10-4

2.241 × 10-4

2.241 x 10-4

2.246 x 10-4

2.244 x 10-4

2.251 x 10 -4

2.242 x 10 -4

2.245 × 10 -4

2.245 × lO -4

2.235 x 10 -4

2.245 × 10 -4

2.248 x lO -4

u/V 
0.156

4.531 × 10 -3

-1.843 × 10 -2

-3.742 × 10 -2

-0.162

-0.194

-0.175

-0.127

-6.494 × 10 -2

-2.688 x 10 -3

6.461 x 10 -2

0.128

0.175

0.209

0.237

0.258

0.268

0.253

0.219

0.197

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Vet
-3.552 × 10-3

-0.190

-0.223

-2.298 × 10-3

0.243

0.266

0.285

0.308

0.319

0.318

0.319

0.308

0.285

0.262

0.239

0.217

0.201

0.192

0.168

0.150

-5.211 x 10-5

-3.323 × 10-5

-1.135 x 10-4

-2.425 x 10.4

-2.909 x 10-4

-5.546 x 10.4

3.363 x 10 -5

1.516 x 10 -4

-2.497 x 10.4

-3.084 × 10.4

-6.935 x 10.4

-1.017 x 10-4

-5.908 × 10-5

1.469 × 10 -4

1.042 x 10-4

4.750 × 10-4

nkT/PooV 2

1.303 × 10-1

1.707 × 10-1

1.757 × 10-1

1.512 × 10-1

8.525 x 10-2

2.119 × 10-2

1.814 × 10-2

2.804 × 10-2

3.483 × 10 -2

3.458 × 10 -2

3.360 × 10 -2

2.826 × 10 -2

1.800 × 10 -2

1.118 × 10 -2

6.930 × 10 -3

4.031 × 10 -3

3.098 × 10 -3

5.561 × 10 -3

6.473 × 10 -3

6.509 × 10 -3

7.376 × 10 -3

7.358 × 10 -3

7.310 × 10 -3

7.383 × 10 -3

7.417 × 10 -3

7.380 × 10 -3

7.369 × 10 -3

7.404 × 10 -3

7.407 × 10 -3

7.426 × 10 -3

7.378 x 10-3

7.418 × 10-3

7.396 × 10 -3

7.373 × 10 -3

7.389 × 10 -3

7.401 × 10 -3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

O.7333

0.7500

0.7667

0.7833

O.8O0O

0.8167

O.8333

0.8500

z/L
0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.I000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.I000

n/no

2.253 x 10 -4

2.257 x 10 -4

2.290 x 10 -4

2.333 × 10 -4

2.460 × 10-4

2.936 x 10-4

3.741 × 10-4

4.772 x 10 -4

5.532 × 10 -4

5.998 x 10 -4

5.979 × 10 -4

5.758 × 10 -4

5.463 × 10 -4

5.145 × 10 -4

4.845 x 10 -4

4.522 × 10 -4

4.249 × 10 -4

4.021 × 10-4

3.956 × 10-4

3.937 × 10-4

4.091 × 10 -4

4.090 × 10 -4

3.707 x 10 -4

3.305 × 10 -4

3.050 x 10 -4

3.435 x 10 -4

5.082 × 10-4

1.141 × 10-3

1.567 x l0 -3

2.335 x 10-3

1.644 × 10 -3

2.123 x 10 -3

2.722 x 10 -3

3.316 x 10 -3

3.597 x 10 -3

3.309 x 10-3

u/Voo

1.000

1.000

0.999

0.998

0.996

0.988

0.980

0.971

0.966

0.963

0.960

0.959

0.957

0.954

0.951

0.946

0.940

0.931

0.914

0.878

0.825

0.764

0.693

0.618

0.539

0.375

8.273 x 10-2

-4.856 x 10.2

-6.015 x 10-2

-0.159

-0.185

-0.153

-0.109

-5.629 × 10 -2

-7.534 x 10 -5

5.665 x 10-2

w/Voo
5.497 × 10-4

1.033 × 10-3

2.588 x 10-3

5.852 × 10-3

1.640 x 10 -2

4.434 x 10 -2

8.161 x 10 -2

0.114

0.132

0.138

0.136

0.133

0.129

0.125

0.121

0.118

0.115

0.117

0.125

0.145

0.169

0.181

0.169

0.152

0.135

0.116

-5.374 × 10 -2

-0.163

5.306 x 10 .2

0.267

0.279

0.298

0.316

0.329

0.334

0.330

nkT/PooV 2

7.402 x 10-c_

7.463 × 10 -3

7.623 x 10-3

7.986 x 10-3

9.039 × 10-3

1.268 x 10-2

1.906 x 10 -2

2.750 x 10 -2

3.396 x 10-2

3.816 x 10 -2

3.896 x 10 -2

3.849 × I0 -2

3.740 × 10 -2

3.624 x 10 -2

3.560 x 10 -2

3.473 x 10-2

3.459 x 10-2

3.568 x 10-2

4.038 x l0 -2

5.037 x 10-2

6.806 x 10 -2

8.533 x 10 -2

9.443 x 10 -2

9.658 × 10 -2

9.911 x 10 -2

1.376 x 10-1

2.421 x 10-l

2.978 x l0 -1

2.577 x 10-1

6.039 x l0 -2

1.129 x 10 -2

1.451 x 10 -2

2.008 x 10-2

2.629 x 10 -2

3.005 x 10-2

2.626 × 10-2



Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L z/L n/no
0.8667 0.1000 2.677x 10-:t
0.8833 0.1000 2.041x 10-3
0.9000 0.1000 1.575× 10 -3

0.9167 0.1000 1.151 x 10 -3

0.9333 0.1000 8.037 x 10 -4

0.9500 0.1000 5.263 x 10 -4

0.9667 0.1000 3.462 x 10 -4

0.9833 0.1000 2.109 x 10 -4

1.0000 0.1000 9.962 x 10-5

0.0000 0.1167 2.230 x 10 -4

0.0167 0.1167 2.226 x 10 -4

0.0333 0.1167 2.237 x 10-4

0.0500 0.1167 2.231 x l0 -4

0.0667 0.1167 2.229 x 10-4

0.0833 0.1167 2.217 x 10-4

0.1000 0.1167 2.234 x l0 -4

0.1167 0.1167 2.233 x l0 -4

0.1333 0.1167 2.228 x 10 -4

0.1500 0.1167 2.229 x 10-4

0.1667 0.1167 2.228 x l0 -4

0,1833 0.1167 2.226 x 10-4

0.2000 0.1167 2.225 x 10-4

0.2167 0.1167 2.241 x 10-4

0,2333 0.1167 2.230 x l0 -4

0.2500 0.1167 2.228 x 10-4

0.2667 0.1167 2.227 x l0 -4

0.2833 0.1167 2.227 x l0 -4

0.3000 0.1167 2.231 x l0 -4

0.3167 0.1167 2.231 x 10-4

0.3333 0.1167 2.229 x 10 -4

0.3500 0.1167 2.234 x 10 -4

0.3667 0.1167 2.251 x l0 -4

0.3833 0.1167 2.282 x 10 -4

0.4000 0.1167 2.399 × l0 -4

0.4167 0.1167 2.724 x l0 -4

0.4333 0,1167 3.273 x l0 -4
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u/V_

0.109

0.153

0.188

0.215

0.238

0.256

0.262

0.246

w/V_

0.217

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.000

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.997

0.992

0.985

0.316

0.298

0.278

0.258

0.239

0.220

0.209

0.200

0.172

1.463 × 10 -4

-2.067 × 10-4

-1.321 x 10-4

-4.705 × 10-4

-7.318 x 10-4

-6.981 × 10-4

-1.170 x 10-3

-7.491 × 10-4

-1.293 × 10-4

1.509 × 10 -4

4.779 × 10 -4

3.552 × 10 -4

4.678 x 10 -4

3.092 × 10 -5

-3.513 × 10-4

-1.799 × 10-4

-2.978 × 10-4

-4.559 x 10-4

5.389 × 10 -5

4.577 x 10-5

2.420 × l0 -4

5.083 x 10-4

3.715 x 10-4

3.227 × 10-3

1.229 × 10-2

3.404 x 10-2

6.778 x l0 -2

nkT/pooV 2

1.970 x 10-2

1.381 x 10-2

9.887 x 10-3

6.615 × 10-3

4.295 x 10-3

2.676 x 10-3

2.637 x 10-3

5.473 x 10-3

6.143 x 10 -3

7.360 x 10 -3

7.341 x 10-3

7.385 x 10-3

7.383 x 10-3

7.392 x 10-3

7.326 x 10-3

7.379 x 10-3

7.377 x 10-3

7.368 x 10-3

7.363 x 10 -3

7.351 x 10 -3

7.350 × 10 -3

7.358 × 10 -3

7.408 x 10-3

7.359 x 10-3

7.348 x 10 -3

7.343 x 10 -3

7.367 x 10 -3

7.360 x 10 -3

7.376 x 10 -3

7.356 x 10 -3

7.400 x 10 -3

7.483 x 10 -3

7.694 x 10 -3

8.628 x 10 -3

1.112 x 10 -2

1.560 x 10 -2



x/i
0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
_0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

i0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

0.1167

'0.1167

0.1167

10.1167

!0.1167

:0.1167

'0.1167
I

0.1167

0.1167

0.1167

0.1333

0.1333

n/n o

4.382 x 10 -4

5.280 x 10 -4

5.870 x 10 -4

6.032 x 10 -4

5.921 x 10 -4

5.664 x 10 -4

5.471 x 10 -4

5.241 × 10 -4

5.090 x 10 -4

5.073 x 10 -4

5.305 x 10-4

5.840 x 10 -4

5.875 × 10 -4

5.127 x 10 -4

4.540 x 10-4

6.514 x 10-4

1.477 x I0 -3

4.327 x 10 -3

4.709 x 10 -3

1.808 x 10 -3

1.788 x 10 -3

2.199 x 10 -3

2.470 x 10 -3

2.734 x 10 -3

2.452 x 10-3

2.185 x I0 -3

1.790 × 10-3

1.435 × 10-3

1.137 × 10 -3

8.391 x 10 -4

5.957 × 10-4

4.063 x l0 -4

3.173 × 10 -4

2.145 x 10 -4

2.249 × l0 -4

2.244 x 10-4

u/V_

0.975

0.969

0.965

0.964

0.963

0.962

0.962

0.960

0.955

0.946

0.925

0.890

0.846

0.797

0.721

0.361

-4.176 x 10 -2

-9.045 x 10-2

-7.201 x 10 -2

-0.137

-0.136

-9.572 x 10-2

-4.863 x 10-2

--8.003 x 10 -4

4.926 x 10 .2

9.587 x 10 -2

0.136

0.169

0.197

0.220

0.239

0.254

0.256

0.242

1.000

1.000

w/V_

0.104

0.126

0.136

0.137

0.134

0.131

0.129

0.126

0.126

0.133

0.154

0.183

0.203

0.197

0.193

0.171

-5.094 x I0 -2

4.396 x 10-2

0.106

0.241

0.307

0.322

0.332

0.335

O.332

0.322

O.307

0.291

0.273

0.256

0.239

0.223

0.216

0.210

-5.451 x 10-4

-5.055 x 10-4

nkT/pocV z
2O

2.397 x 10-2

3.111 x 10 -2

3.575 x 10-2

3.742 x 10 -2

3.711 x 10 -2

3.604 x 10 -2

3.517 x 10 -2

3.453 x 10 -2

3.513 x 10-2

3.840 x 10 -2

4.891 x l0 -2

6.842 x 10-2

8.920 x 10 -2

9.673 x 10-2

1.113 x 10-1

2.961 x 10-1

5.500 x 10 -]

6.194 x 10 -1

6.019 x 10-1

9.602 x 10-2

1.116 x 10 -2

1.450 x 10 -2

1.687 x 10-2

1.957 x 10-2

1.674 x 10-2

1.432 x 10-2

1.115 x 10-2

8.357 x 10 -3

6.167 x 10 -3

4.174 x 10 -3

2.772 x 10 -3

1.845 x 10 -3

2.568 × 10 -3

4.948 x 10 -3

7.413 x 10-3

7.384 x 10-3

214



TableA.I: Flow field variableson symmetry plane, coarse
grid (continued).

215

x/L z/L

0.0333 0.1333

0.0500 0.1333

0.0667 0.1333

0.0833 0.1333

0.1000 0,1333

0.1167 0.1333

0.1333 0.1333

0.1500 0.1333

0.1667 0.1333

0.1833 0.1333

0.2000 0.1333

0.2167 0.1333

0.2333 0.1333

0.2500 0.1333

0.2667 0.1333

0.2833 0.1333

0.3000 0.1333

0.3167 0.1333

0.3333 0.1333

0.3500 0.1333

0.3667 0.1333

0.3833 0.1333

0.4000 0.1333

0.4167 0.1333

0.4333 0.1333

0.4500 0.1333

0.4667 0.1333

0.4833 0.1333

0.5000 0.1333

0.5167 0.1333

0.5333 0.1333

0.5500 0.1333

0.5667 0.1333

0.5833 0.1333

0.6000 0.1333

0.6167 0.1333

n/n o

2.246 x 10 -4

2.232 x 10 -4

2.238 x 10 -4

2.246 x 10 -4

2.253 x 10 -4

2.243 x 10 -4

2.242 x 10 -4

2.252 x 10 -4

2.245 x 10 -4

2.244 x 10 -4

2.239 x 10 -4

2.245 x 10 -4

2.254 x 10 -4

2.250 x 10 -4

2.245 x 10 -4

2.243 x 10 -4

2.240 x 10 -4

2.249 x 10 -4

2.249 x 10 -4

2.233 x 10 -4

2.237 x 10 -4

2.238 x 10-4

2.235 x 10 -4

2.252 x 10-4

2.259 x 10-4

2.275 x 10-4

2.358 x 10-4

2.608 x 10-4

3.090 x I0 -4

3.905 x 10-4

4.923 x 10-4

5.704 x 10-4

6.085 x 10-4

6.056 x 10-4

5.901 x 10-4

5.744 x 10-4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.000

1.000

1.000

0.998

0.994

0.987

0.980

0.972

0.969

0.967

0.967

0.967

0.965

w/V_
-4.659 x 10-4

-3.516 x 10-4

-5.563 x 10-4

-5.699 x 10-4

-6.154 × 10-4

-1.260 x 10-4

-8.446 x 10-5

1.850 × 10 -4

4.758 × lO -6

-1.455 x lO-4

-5.932 x 10 -4

-2.676 x lO-4

-2.336 x 10-4

4.043 × lO -5

-1.283 x 10 -4

8.199 x 10 -5

-1.260 x 10-4

-1.267x 10-4

6.362 x 10 -5

-3.444 x 10 -4

-3.815 x 10 -4

-2.766 × 10 -4

-3.402 x 10 -4

-1.949 x 10 -4

7.513 x 10-4

2.563 x 10-3

8.568 x 10-3

2.676 x 10-2

5.572 x 10-2

8.978 × 10-2

0.118

O.131

0.135

0.134

O.131

0.129

nkT/pc_V t
]O

7.383x 10-3

7.335x 10-3

7.357x 10-3

7.397x 10-3

7.415× 10-3

7.378× 10-3

7.381x lO-3

7.418× 10-3

7.383x 10-3

7.399x I0-3

7.357× 10-3

7.374x 10-3

7.405× lO-3

7.386x I0-3

7.377x 10-3

7.363x 10-3

7.335x 10-3

7.374x 10-3

7.367× 10-3

7.305x 10-3

7.315× I0-3

7.329x 10-3

7.340x lO-3

7.391× 10-3

7.403x lO-3

7.553x 10-3

8.190× 10-3

1.013x 10-2

1.395× 10-2

2.020x 10-2

2.804 x 10-2

3.382× 10-2

3.667x 10-2

3.683x 10-2

3.617x 10-2

3.556x 10-2
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Table A.I: Flow field variables on symmetry plane, coarse
grid (contimmd).

x/L
0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667i

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

z/L
0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333i

0.1333

0.1333

0.1333

0.1333

0.1333

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

n/no

5.746 x 10 -4

6.074 x 10 -4

7.073 x 10 -4

7.972 x 10 -4

8.182 x 10 -4

1.401 x 10 -3

3.224 × 10-3

4.689 × 10 -3

4.875 × 10 -3

3.278 x 10 -3

1.776 x 10 -3

1.971 x 10 -3

2.188 x 10 -3

1.958 x 10 -3

1.763 x 10 -3

1.524 x 10 -3

1.251 × 10 -3

1.056 × 10-3

8.426 x 10-4

6.256 x 10 -4

4.419 x 10 -4

3.390 × 10 -4

2.754 × 10 -4

2.244 × 10 -4

2.240 × 10 -4

2.246 × 10 -4

2.243 × 10-4

2.243 × 10-4

2.238 x I0 -4

2.230 x 10 -4

2.234 × 10-4

2.240 × 10 -4

2.225 x 10 -4

2.219 × 10 -4

2.228 × 10 -4

2.230 × 10-4

u/Voo

0.963

0.953

0.930

0.900

0.828

0.342

1.085 × 10 -3

-1.177 × 10-2

-1.951 x 10-2

w/V_

0.132

0.146

0.181

0.212

0.239

0.223

7,174 × 10-2

6.114 x 10-2

7.660 x 10-2

4.236 x 10-2

6.078 x 10-2

8.592 × 10-2

1.354 x 10 -1

6.584 x 10-1

8.540 x 10-1

7.405 × 10 -1

7.061 x 10-1

-3.190 × 10-2

-8.478 x 10-2

-4.317 × 10-2

-7.994 × 10-4

4.369 × 10 -2

8.520 x 10 -2

0.122

0.153

0.181

0.203

0.223

0.240

0.253

0.248

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

I.O00

0.175

0.325

0.334

0.336

0.334

0.326

0.314

0.300

0.285

0,269

0.254

0.239

0.225

0,222

2.253 x 10 -4

-1.815 x 10.4

-2.539 x 10 -4

-8.265 x 10 -4

-7.154 x 10 -4

-3.782 x 10 -4

-7.593 x 10 -4

-2.579 x 10 .4

-4.147 x 10 -4

-4.125 x 10-4

-5.880 x 10-4

-2.267 x 10.4

7.527 x 10 -5

3.558 × 10 -1

1.156 × 10 -2

1.180 × 10 -2

1.388 × 10 -2

1.169 x 10 -2

1.028 × 10 -2

8.711 × 10-3

6.760 × 10-3

5.389 × 10-3

3.988 × 10-3

2.740 x 10-3

1.843 × 10 -3

1.425 × 10 -3

2.714 × 10 -3

7.377 x 10 -3

7.390 × 10 -3

7.425 × 10-3

7.377 × 10-3

7.383 × 10-3

7.348 × 10-3

7.336 × 10-3

7.367 × 10 -3

7.376 × 10 -3

7.328 × 10-3

7.301 × 10-3

7.338 × 10-3

7.342 × I0 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5OOO

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

n/no

2.233 x 10-4

2.240 x 10-4

2.239 x 10 -4

2.254 x 10-4

2.241 × 10-4

2.242 x 10 -4

2.243 × 10 -4

2.238 x 10 -4

2.244 x 10 -4

2.249 x 10 -4

2.235 x 10 -4

2.234 × 10 -4

2.244 × 10 -4

2.245 x lO -4

2.245 × 10 -4

2.263 x 10-4

2.256 x 10-4

2.250 x 10-4

2.246 x 10-4

2.316 × 10 -4

2.475 x 10 -4

2.833 × 10 -4

3.460 x 10 -4

4.490 × 10 -4

5.365 × 10 -4

5.915 × 10 -4

6.078 × 10-4

6.032 x 10-4

6.184 x 10-4

7.009 × 10-4

1.060 × 10-3

2.087 x 10-3

2.332 x 10 -3

3.716 x 10 -3

5.066 x 10 -3

4.979 x 10 -3

u/V_ w/Vo_

1.000

0.999

1.000

1.000

1.000

0.999

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

t.000

0.999

0.996

0.991

0.983

0.976

0.972

0.970

0.970

0.969

0.966

0.952

0.862

0.467

0.155

4.276 x 10-2

2.359 x 10 .2

3.637 x 10-2 0.132

1.715 x 10 -4

1.389 x 10 -4

1.214 x 10 -7

8.812 x 10 -5

2.556 x l0 -4

1.447 x l0 -4

7.226 x l0 -4

6.301 x 10-4

5.954 x 10-4

5.510 x 10-4

1.637 x 10 -4

1.917 x 10 -4

1.462 x 10 -4

-4.461 x 10-4

1.185 x 10 -5

-1.792 x 10-4

-2.285 x l0 -4

1.202 x l0 -4

8.939 x 10 -4

5.256 x 10 -3

1.795 x 10-2

4.080 x 10-2

7.359 x 10-2

0.105

0.125

0.132

0.133

0.133

0.139

0.164

0.254

0.307

0.134

7.486 x l0 -2

9.133 x l0 -2

nkT/pcoV z

7.355 x 10 -c_

7.399 x 10 -3

7.365 x 10 -3

7.421 x 10 -3

7.396 x 10 -3

7.376 x 10 -3

7.337 x 10 -3

7.355 x 10 -3

7.383 × 10 -3

7.408 x 10 -3

7.339 x 10 -3

7.345 × 10 -3

7.367 × 10-3

7.367 × 10-3

7.380 × 10-3

7.420 x 10-3

7.417 x 10 -3

7.391 × 10 -3

7.424 x 10 -3

7.853 x 10 -3

9.104 x 10 -3

1.190 x 10 -2

1.672 × 10 -2

2.446 × 10 -2

3.088 x 10 -2

3.496 × 10-2

3.627 x 10-2

3.608 x 10-2

3.844 x 10-2

4.933 × 10 -2

1.438 x 10 -1

8.269 x 10 -1

8.092 × 10 -1

7.754 × 10 -1

7.456 x 10 -1

6.268 × 10-1



x/L
0.8167

O.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

O.O667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1500

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

n/n o

2.047 × 10 -3

I.832 x 10-3

1.567 × 10 -3

1.475 x 10 -3

1.322 × 10-3

1.144 × 10-3

9.564 x 10-4

8.068 × 10 -4

6.256 x 10-4

4.617 x 10-4

3.589 × 10 -4

2.661 x 10 -4

2.257 x 10 -4

2.243 × 10 -4

2.244 x 10 -4

2.237 x 10 -4

2.231 × 10 -4

2.234 x 10-4

2.229 × 10-4

2.236 x 10-4

2.235 × 10-4

2.231 × 10 -4

2.233 × 10 -4

2.239 × 10 -4

2.229 × 10 -4

2.227 x 10 -4

2.228 x 10 -4

2.223 x 10 -4

2.216 x 10 -4

2.212 × 10-4

2.221 x 10-4

2.230 × 10-4

2.217 × 10 -4

2.216 x 10 -4

2.222 x 10 -4

2.229 x :10-4

u/V_

-8.602 x 10 -3

-4.885 × 10-4

3.841 x 10-2

7.645 × 10-2

0.110

0.140

0.166

0.189

0.208

0.225

0.240

0.249

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

w/V_

0.283

0.337

0.336

0.329

0.319

0.307

0.294

0.280

0.266

0.253

0.239

0.228

-3.998 × 10 -4

-4.144 x 10 -4

-2.806 × 10 -4

9.660 × 10 -5

6.316 x 10 -4

1.345 × 10 -4

4.501 x 10 -4

6.326 × 10 -4

4.935 × 10 -4

3.633 x 10 -4

7.177 x 10-5

-2.812 x 10 -5

-2.964 x 10 -4

1.871 × 10-4

-1.165 × 10 -4

-2.860 × 10-4

-5.512 x 10-5

-3.185 x 10-4

-4.572 x 10 -4

-2.429 x 10 -4

3.697 x 10 -5

3.047 x 10 -4

3.139 x 10-4

4.833 x 10 -4

nkT/Poo vz

9.711x 10-2

1.057x 10-2

8.320 x 10-3

7.767x 10-3

6.884x 10-3

5.769 x 10-3

4.622 x 10-3

3.628 x 10-3

2.609 x 10-3

1.817x 10-3

1.348x lO-3

1.204x 10-3

7.439 x 10-3

7.385x 10-3

7.377x 10-3

7.359x 10-3

7.347x 10-3

7.357x 10-3

7.337x 10-3

7.365x 10-3

7.364x 10-3

7.358x 10-3

7.363x 10-3

7.357x 10-3

7.351x 10-3

7.370x 10-3

7.365x 10-3

7.320x 10-3

7.280x 10-3

7.295x 10-3

7.305x 10-3

7.333x 10-3

7.296x lO-3

7.331x 10-3

7.330x 10-3

7.365x 10-3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.4000

0.4167

0.4333

0.9333

0.9500

0.9667

0.9833

z/L
0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

n/no

2.227 x 10=4

2.228 x 10-4

2.231 x 10-4

2.224 × 10-4

2.238 × 10-4

2.228 × 10-4

2.236 × 10-4

2.242 × 10 -4

2.246 × 10 -4

2.250 × 10 -4

2.245 × 10 -4

2.240 × 10 -4

2.278 x 10 -4

2.329 x 10 -4

2.600 × 10 -4

3.082 x 10 -4

3.971 x l0 -4

5.045 x 10 -4

5.755 × l0 -4

6.054 x 10 -4

8.670 × 10 -4

2.341 × 10-3

2.015 × l0 -3

3.034 x 10-3

4.639 x 10-3

5.119 × 10-3

4.269 × 10-3

1.451 × 10 -3

1.253 x l0 -3

1.158 x 10 -3

1.028 × l0 -3

8.610 × 10 -4

7.425 × l0 -4

6.257 x l0 -4

4.876 × l0 -4

3.738 × 10-4

u/V_

1.001

1.001

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

w/Vo_
6.087 × 10 -4

5.479 x 10 -4

9.130 × 10 -4

-5.443 x 10-5

4.766 x 10 -5

-3.727 x 10 -4

-4.728 x 10 -4

-8.419 x 10 -5

-3.910 x 10 -4

-6.451 x 10 -5

1.001

1.000

1.000

0.999

0.994

0.987

0.980

0.975

0.972

0.969

0.875

0.564

0.298

0.108

6.697 × 10-2

7.562 x 10.2

8.409 x 10-2

4.832 x 10-2

6.967 x 10 .2

0.101

0.128

0.153

0.176

0.195

0.212

0.227

2.224 x 10-4

3.573 x 10 -4

3.052 x 10 -3

8.374 x 10-3

2.742 x 10-2

5.649 x 10-2

9.026 x 10-2

0.118

0.130

0.135

0.229

0.375

0.216

0.117

0.106

0.126

0.173

0.307

0.331

0.322

0.313

0.301

0.289

0.277

0.264

0.252

nkT/p_V 2
2(2

7.353 x 10-3

7.385 × 10 -3

7.384 x 10-3

7.347 × 10-3

7.378 x 10-3

7.332 × 10-3

7.385 x 10-3

7.431 × 10-3

7.423 × 10-3

7.427 × 10-3

7.416 × 10-3

7.407 × 10-3

7.682 × 10 -3

8.154 x 10 -3

1.015 x 10 -2

1.380 x 10 -2

2.039 × 10 -2

2.819 x 10 -2

3.322 × 10 -2

3.604 x 10 -2

1.151 x 10 -1

7.583 × 10 -1

7.803 × 10 -1

7.840 × 10 -1

7.163 x 10 -1

6.385 × 10 -1

4.431 x 10 -1

4.119 × 10 -2

6.158 x 10 -3

5.531 x 10 -3

4.853 × 10-3

3.898 × 10-3

3.172 x l0 -3

2.491 × l0 -3

1.832 x 10 -3

1.323 x 10 -3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

1.0000
0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

O.250O

0.2667

O.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

O.550O

0.5667

z/L
0.1667

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

n/no

2.896 x 10-4

2'.221 x 10-4

2.227 x 10-4

2.219 x 10-4

2.227 x 10-4

2.225 × lO -4

2.234 x 10 -4

2.232 × 10 -4

2.236 × 10-4

2.230 × 10 -4

2.232 × 10 -4

2.228 × 10 -4

2.234 x 10 -4

2.232 x 10 -4

2.222 x 10 -4

2.229 x 10 -4

2.235 × 10-4

2.239 × 10-4

2.228 x 10-4

2.234 x 10-4

2.223 x 10 -4

2.234 x 10 -4

2.232 x 10 -4

2.235 x 10 -4

2.235 x 10 -4

2.235 x lO -4

2.236 x 10 -4

2.229 × lO -4

2.233 x lO-4

2.246 × lO-4

2.241 × 10 -4

2.243 x 10-4

2.254 x 10 -4

2.238 × 10 -4

2.244 x 10 -4

2.252 x 10 -4

u/V_

0.241

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.001

1.000

1.000

w/V_

0.239

1.522 x 10 -4

-1.098 x 10 -5

2.697 × 10 -4

6.406 × 10 -5

8.865 × 10 -5

3.517 × 10-4

-9.108 x 10 -5

-5.074 × 10 -5

2.347 × 10-4

3.136 × 10-5

3.304 x 10-4

6.129 × 10-4

2.666 x 10-4

5.120 × lO-4

3.609 × 10-4

4.911 × 10 -4

2.836 x I0 -4

4.028 × 10-4

-6.075 × 10-5

9.738 × 10-5

-1.161 x 10 -4

-3.964 x 10 -4

-9.097 x 10 -4

-5.409 × 10 -4

-1.606 × 10-4

-9.714 × 10-5

-5.691 x 10-4

-3.791 × 10-4

9.728 x 10 -5

9.870 x 10 -5

3.164 × lO -4

-5.428 x 10 -5

1.714 x 10-4

-5.387 x lO -4

-2.478 × lO -4

7.335 x 10 -3

7.332 x 10 -3

7.302 × 10 -3

7.338 × 10 -3

7.330 × 10-3

7.343 × 10 -3

7.358 x 10-3

7.378 x 10 -3

7.347 x 10 -3

7.351 x 10 -3

7.319 x 10-3

7.343 x 10-3

7.358 × 10 -3

7.302 x 10 -3

7.326 × 10 -3

7.343 × 10 -3

7.368 × 10 -3

7.335 x 10 -3

7.347 x 10 -3

7.308 x 10 -3

7.355 × 10 -3

7.347 × 10-3

7.365 × 10-3

7.361 × 10-3

7.349 × 10-3

7.342 × 10 -3

7.346 × 10 -3

7.353 × 10 -3

7.428 × 10 -3

7.407 × 10 -3

7.408 × 10 -3

7.436 × 10-3

7.377 × 10-3

7.426 × 10-3

7.457 × 10-3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L z/L

0.5833 0.1833

0.6000 0.1833

0.6167 0.1833

0.6333 0.1833

0.6500 0.1833

0.1833

0.I833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.1833

0.9833 0.1833

1.0000 0.1833

0.0000 0.2000

0.0167 0.2000

0.0333 0.2000

0.0500 0.2000

0.0667 0.2000

0.0833 0.2000

0.1000 0.2000

0.1167 0.2000

0.1333 0.2000

0.1500 0.2000

n/n o

2-25-5-X10--4

2_250 x 10-4

2.252 x 10-4

2.247 x 10-4

2.255 x 10-4

2.278 X 10-4

2.300 x 10-4

2.425 X 10-4

2.748 x 10 -4

3.437 X 10 -4

6.531 x 10 -4

2.323 X 10 -3

1.962 x 10 -3

2.433 X 10 -3

3.770 x 10 -3

4.624 x 10 -3

4.386 x 10-3

3.438 X 10-3

1.566 X 10-3

9.075 X 10-4

7.935 x 10-4

6.736× 10-4

5.878x 10-4

4.957 x 10 -4

3.901 x 10 -4

3.053 x 10 -4

2.248 x 10 -4

2.237 x 10 -4

2.245 x 10-4

2.241 x 10-4

2.242 × 10-4

2.245 × I0 -4

2.251 × 10-4

2.237 × 10-4

2.249 x t0 -4

2.242 × 10-4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.997

0.993

0.985

0.860

0.591

0.400

0.187

0.114

0.107

0.127

0.133

0.122

0.120

0.143

0.164

0.184

0.201

0.216

O.230

1.O00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

-9.415 x 10-4

-4.035 x 10-4

2.069 x 10 -4

4.889 × 10 -4

1.672 x 10 -3

4.484 x 10 -3

1.447 x 10 -2

3.501 x 10 -2

6.885 × 10 -2

0.224

0.415

0.295

0.171

0.127

0.134

0.146

0.160

0.246

0.311

0.306

0.296

0.285

0.274

0.261

0.250

-2.903 × 10 -5

4.593 x 10-4

1.024 x 10-4

5.594 x 10-4

4.025 × 10-4

5.632 × 10-4

3.884 x 10 -4

3.778 x lO -4

2.823 × 10 -4

-5.644 x 10-5

nkT/pocV 2--

7.423 × 10 -3

7.412 × 10 -3

7.372 × 10 -3

7.423 × 10 -3

7.526 × 10 -3

7.705 × 10 -3

8.736 × 10 -3

1.106 × 10 -2

1.607 x 10-2

1.017 × 10 -1

6.895 x 10-1

7.284 x 10-1

7.149 x 10-1

6.401 × 10-1

5.601 x 10-1

4.538 x 10-1

3.226 x 10 -1

8.461 x 10 -2

7.269 x 10 -3

3.456 x 10 -3

2.750 x 10 -3.

2.239 x 10 -3

1.784 x 10 -3

1.322 x 10 -3

9.819 x 10 -4

7.396 x t0 -3

7.365 x 10 -3

7.406 x 10-3

7.376 x lO -3

7.386 x 10 -3

7.384 x 10 -3

7.387 x 10 -3

7.357 x 10 -3

7.413 x lO -3

7.387 x 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

O.3O0O

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

O.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

z/L
0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2OOO

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.20OO

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

O.20O0

0.2000

0.2000

0.2000

0.2000

0.2000

O.200O

0.2000

0.2000

0.2000

0.200O

0.2000

0.2000

n/no

2.242 x 10-4

2.240 x 10 -4

2.234 x 10-4

2.239 x 10 -4

2.239 x 10 -4

2.236 x 10 -4

2.238 x 10-4

2.240 × 10-4

2.243 x 10 -4

2.240 x 10-4

2.242 x 10-4

2.238 x 10-4

2.242 × 10-4

2.242 x 10-4

2.234 x 10-4

2.240 x 10-4

2.248 x 10 -4

2.248 x 10 -4

2.249 x 10 -4

2.245 x 10 -4

2.247 x 10 -4

2.239 x 10 -4

2.250 × 10 -4

2.252 × 10 -4

2.243 x 10 -4

2.250 x 10-4

2.246 x 10-4

2.238 x 10-4

2.244 x 10 -4

2.244 x 10 -4

2.235 x 10 -4

2.238 x 10 -4

2.253 × 10 -4

2.248 x l0 -4

2.244 x 10 -4

2.263 x 10-4

u/Vo 
1.000

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.000

1.001

1.001

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.000

1.001

1.001

1.000

1.001

1.001

1.000

1.000

1.001

1.001

1.000

1.000

1.001

1.000

w/Voo
-4.359 × 10-4

-6.487 x 10-4

-7.302 × 10 -4

-7.005 × 10 -4

-3.676 × 10 _4

-6.882 × 10 -4

-8.715 x 10 -5

-4.544 x 10 -4

-4.119 x 10-4

-1.306 x 10-4

-6.242 × 10-4

-7.311 × 10-4

-5.530 × 10-4

-8.061 × 10-4

-1.184 x 10-3

-8.286 x 10-4

-8.628 x 10-4

-2.539 x 10-4

-7.245 × 10 -4

-4.172 x 10 -4

-3.158 × 10 -4

6.855 x 10 -5

--1.617× 10-4

--2.776× 10-4

7.790x 10-5

--2.631x 10-4

--3.126× 10-4

-5.284 × 10-5

-4.644 x l0 -4

-1.174 x 10-4

-1.501 x 10 -4

-1.005 x 10 -4

2.765 x 10-5

5.246 x 10-4

9.717 × l0 -4

1.676 × 10-3

nkT/pooV 2

7.381 × 10 ±_J

7.376 x 10 -3

7.356 x 10 -3

7.381 × 10 -3

7.372 x 10-3

7.361 × 10 -3

7.367 x 10 -3

7.379 x 10 -3

7.381 x 10-3

7.346 x 10-3

7.361 x 10 -3

7.366 x 10-3

7.371 x 10 -3

7.371 x 10-3

7.354 x 10 -3

7.362 x 10 -3

7.414 x 10 -3

7.419 x 10 -3

7.418 x 10 -3

7.405 × 10 -3

7.390 x 10 -3

7.373 x 10 -3

7.412 × 10 -3

7.417 × 10 -3

7.396 x 10 -3

7.421 x 10 -3

7.413 x 10-3

7.391 x 10 -3

7.411 x 10-3

7.420 x 10-3

7.386 x 10 -3

7.393 × 10 -3

7.462 x 10 -3

7.472 x 10 -3

7.430 x 10 -3

7.444 x 10-3
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x/L

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.11671

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0-33__2_.3 I

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.200O

0.2000

0.2000

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

n/n o

4.641 x 10-4

1:.952 x 10-3

1.805 x 10-3

1.966 x 10-3

2.897 x 10 -3

3.711 x 10 -3

3.756 x l0 -3

3.431 x 10 -3

3.059 x 10 -3

2.298 x 10 -3

1.367 x 10 -3

7.792 × 10 -4

5.365 x 10 -4

4.233 x 10 -4

3.352 x 10 -4

2.221 x 10 -4

2.222 x 10 -4

2.227 x 10 -4

2.232 × 10 -4

2.229 x 10 -4

2.220 x l0 -4

2.227 × 10-4

2.238 × 10-4

2.232 x l0 -4

2.227 x l0 -4

2,227 x l0 -4

2.239 × 10-4

2.249 x 10-4

2.251 x 10-4

2.233 x 10 -4

2.237 x 10 -4

2.238 x 10 -4

2.234 x 10 -4

2.234 x l0 -4

2.225 x l0 -4

2.221 x 10 -4

u/V_

0.771

0,563

0.449

0.258

0.160

0.144

0.150

0.160

0.172

0.180

0.182

0.184

0.194

0.206

0.218

1.000

1.000

1.000

.1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

1.000

1.000

1.000

w/V_

0.237

0.462

0.365

0.227

0.160

0.145

0.144

0.145

0.144

0.148

0.178

0.225

0.255

0.255

0.246

-2.178 × l0 -4

-t.279 × 10-4

3.032 x l0 -5

-5.731 x l0 -4

-7.606 x l0 -4

-9.338 × 10 -4

-1.591 x l0 -3

-6.338 × l0 -4

-3.702 × 10 -4

-1.729 × 10 -5

2.229 × 10 -4

1.256 × l0 -4

7.052 × 10-4

3.443 × 10-4

5.458 × 10 -5

7.283 x l0 -5

-4.979 x 10-4

-2.852 × 10-4

-9.206 x l0 -4

-6.360 x l0 -4

4.616 x 10 -5

5.690 × 10-1

6.137 x 10 -1

5.967 × 10 -1

5.277 x 10 -1

4.435 x 10 -1

3.731 x 10 -1

3.114 x 10-1

2.619 x 10 -1

1.867 x 10-1

9.217 x 10-2

3.441 × l0 -2

1.168 x 10-2

5.886 x 10-3

4.405 x 10-3

7.342 x 10-3

7.321 x 10-3

7.333 x 10-3

7.359 x 10-3

7,327 x 10 -3

7.285 × 10 -3

7.318 x 10 -3

7.363 x 10 -3

7.357 × 10 -3

7.353 x 10 -3

7.338 x l0 -3

7.419 × 10 -3

7.457 x 10 -3

7.453 x 10 -3

7.384 x 10 -3

7.406 × 10 -3

7.392 x 10 -3

7.370 x 10 -3

7.337 x 10 -3

7.337 x 10 -3

7.320 x 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.55OO

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

O.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167
0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

z/L
0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167]

0.2167

0.21671

0.21671

0.2167

0.2167

0.2167

0.2167

0.2167

0.2167

n/no

2.225 × 10 -4

2.240 x 10 -4

2.234 x 10 -4

2.238 x 10 -4

2.223 x 10-4

2.223 x 10-4

2.220 x 10 -4

2.218 × 10 -4

2.222 × 10-4

2.215 x 10 -4

2.219 x 10 -4

2.216 x 10 -4

2.215 × 10 -4

2.211 x 10 -4

2.217 x 10 -4

2.222 x 10 -4

2.219 x 10 -4

2.223 x 10 -4

2.235 x 10 -4

2.242 x 10 -4

2.245 x 10-4

2.234 x 10-4

2.236 x 10-4

2.242 x 10-4

2.256 x 10-4

2.265 x 10-4

5.935 x 10-4

1.710 × 10-3

1.634 x 10 -3

1.654 x 10 -3

2.186 x 10 -3

2.904 x 10 -3

3.130 x 10 -3

2.966 × 10-3

2.682 x 10-3

2.315 x 10-3

u/Voo

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.997

0.650

0.536

0.463

0.309

0.211

0.177

0.174

0.180

0.188

0.197

w/V_

-3.445 x 10-5

-2.789 x 10-4

-3.504 × 10 -4

-1.173 x 10-4

-3.234 x 10-4

-5.048 × 10-4

-6.215 x 10 -4

-2.647 x 10 -4

-3.537 x 10 -4

-9.215 x 10 -5

-4.729 x 10 -4

-7.873 × 10 -4

1.967 x 10-5

4.347 × 10-4

5.490 × 10-4

5.569 × 10-4

3.398 × 10-4

1.344 × 10-4

2.971 x 10-4

3.180 x 10-4

2.117 x 10 -4

-1.262 × 10-4

-9.663 × 10 -5

-1.065 × 10 -4

-2.943 × 10 -4

2.562 × 10-3

0.316

0.469

0.398

0.270

0.188

0.156

0.146

0.144

0.140

0.135

nkT/pc_V 2

7.329 x 10 -_

7.422 × 10 -3

7.411 x 10 -3

7.394 × 10 -3

7.334 × 10 -3

7.318 × 10-3

7.319 × 10 -3

7.315 x 10-3

7.328 × 10 -3

7.308 × 10 -3

7.332 x 10 -3

7.291 x 10 -3

7.292 x 10-3

7.304 x 10-3

7.313 × 10 -3

7.327 × 10 -3

7.318 × 10 -3

7.318 × 10 -3

7.403 × 10 -3

7.402 × 10 -3

7.408 x 10 -3

7.363 x 10-3

7.376 × 10 -3

7.412 × 10 -3

7.462 × 10-3

8.198 × 10-3

1.972 × 10-1

5.242 x 10-1

5.209 × 10 -1

4.931 × 10-1

4.292 × 10 -1

3.653 × 10 -1

3.060 × 10 -1

2.523 × 10-1

2.163 x 10 -1

1.779 × 10-1



TableA.l: Flow field variableson symmetryplane,coarse
grid (continued).
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x/L z/L
0.9500 0.2167

0.9667 0.2167

0.9833 0.2167

1.0000 0.2167

0.0000 0.2333

0.0167 0.2333

0.0333 0.2333

0.0500 0.2333

0.0667 0.2333

0.0833 0.2333

0.1000 0.2333

0.1167 0.2333

0.1333 0.2333

0.1500 0.2333

0.1667 0.2333

0.1833 0.2333

0.2000 0.2333

0.2167 0.2333

0.2333 0.2333

0.2500 0.2333

0.2667 0.2333

0.2833 0.2333

0.3000 0.2333

0.3167 0.2333

0.3333 0.2333

0.3500 0.2333

0.3667 0.2333

0.3833 0.2333

0.4000 0.2333

0.4167 0.2333

0.4333 0.2333

0.4500 0.2333

0.4667 0.2333

0.4833 0.2333

0.5000 0.2333

0.5167 0.2333

n/no

2.008 x 10 -IV

1_738 x 10 .3

1.482 x 10 -3

1.271 x 10 -3

2.230 x 10 -4

2.237 x 10 -4

2.232 x 10 -4

2.226 x 10 -4

2.225 x 10 -4

2.224 x 10 -4

2.233 x 10 -4

2.228 x l0 -4

2.231 x 10 -4

2.233 x 10 -4

2.240 x 10 -4

2.238 x 10-4

2.230 x 10-4

2.234 x 10 -4

2.235 x 10-4

2.230 x 10-4

2.240 x 10-4

2.236 x 10-4

2.230 x 10-4

2.230 x 10-4

2.236 x 10-4

2.251 x 10-4

2.256 x 10-4

2.240 x 10 -4

2.234 x l0 -4

2.245 x 10 -4

2.256 x 10 -4

2.257 x 10 -4

2.246 x 10 -4

2.241 x 10 -4

2.240 x 10 -4

2.239 x 10 -4

u/Vo_

0.206

0.211

0.218

0.225

w/Voo

0.127

0.118

0.110

9.862 x 10 -2

1.000

1.000

1.000

0.999

0.999

-2.635 x 10.4

-8.834 x 10-5

4.042 x 10 -5

-4.334 x 10-4

-2.476 x 10-4

0.999

0.999

0.999

1.000

1.000

4.620 x 10 -4

3.355 x 10 -4

2.164 x 10 -4

4.089 x 10 -4

1.242 x 10 -4

0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.999

0.999

-2.514 x 10 -5

-1.738 x 10 -5

-5.624 x 10 -4

-9.033 x 10 -4

-2.920 x 10 -4

-1.564 x 10 -4

4.627 x 10-4

6.606 x 10-5

-1.155 x 10 -4

-3.984 x 10 -4

-8.952 x 10 -5

3.607 x 10-4

2.365 x 10-4

-6.683 x 10-5

-2.147 x 10-5

-4.352 x 10-4

-7.486 x 10-4

- 1.023 x 10-4

3.114 x 10 -4

-1.093 x 10-4

-6.128 x 10 -7

-1.782 x l0 -4

nkT/pc_V P"
X_

1.505 x 10 -1

1.298 x 10 -1

1.088 x 10 -1

9.261 x 10 -2

7.330 x 10 -3

7.387 x 10 -3

7.362 x 10 .3

7.355 x 10 -3

7.357 x 10 -3

7.353 x 10 -3

7.350 x 10-3

7.361 x 10 -3

7.371 x 10-3

7.360 x 10-3

7.373 x 10-3

7.352 x 10-3

7.343 x 10-3

7.351 x 10 -3

7.387 x 10 -3

7.366 x 10 -3

7.371 x 10 -3

7.351 x 10 -3

7.330 x lO -3

7.333 x 10 -3

7.358 x 10 -3

7.427 x 10 -3

7.424 x 10 -3

7.396 x 10 -3

7.364 x 10 -3

7.373 x 10 -3

7.425 x 10 -3

7.404 x lO-3

7.397 x lO-3

7.360 x lO-3

7.338 x lO-3

7.350 x lO-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0,6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

O.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

O.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

z/L
0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.25OO

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

n/n o

2.243 x 10 -4

2.234 x 10 -4

2.233 x 10 -4

2.229 x 10 -4

2.235 x 10 -4

2.234 x 10 -4

2,219 × 10 -4

2,238 x 10-4

2.235 x I0 -4

2.238 × 10 -4

2.240 x 10 -4

2.239 x 10 -4

2.244 x 10 -4

2.238 x 10 -4

2.247 x 10 -4

2,282 x 10 -4

8.209 x 10 -4

1.539 x 10-3

1.505 × 10 -3

1.417 × 10 -3

1.701 × 10-3

2.228 x 10 -3

2.584 × 10 -3

2.559 x 10 -3

2.381 x 10 -3

2.132 x 10 -3

1.857 × 10-3

1.618 × 10-3

1.415 x 10-3

2.244 × 10 -4

2.247 × 10 -4

2.255 × 10 -4

2.257 × 10 -4

2.249 x 10 -4

2.234 x 10-4

2.236 x 10 -4

u/Vo 
0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.988

0.576

0.526

0.479

0.360

0.261

0.213

0.198

0.198

0.204

0.210

0.217

0.225

0,230

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Vo¢
2.218 × 10 -4

2.849 × 10 -4

-3.333 × 10 -4

-3.018 × 10 -4

-1.427 × 10 -4

-1.413 × 10 -4

-7.060 x 10 -4

-2.686 × 10 -4

-5.135 × 10 -4

-2,837 x 10-4

1.234 x 10 -4

-1,032 x 10 -4

2.255 x 10 -4

-5.319 x 10 -4

-6.140 x 10 -4

8.413 × 10-3

0.371

0.460

0.411

0.304

0.215

0.169

0.148

0.140

0.135

0,129

0,122

0.115

0.108

4.616 × 10-4

7.252 x 10 -4

4.992 × 10 -4

1.667 × 10 -4

-1.411 × 10 -4

-2.245 x 10 -4

-4,188 x 10 -5

7.336 x 10 -3

7.305 × 10 -3

7.304 x 10 -3

7.347 × 10 -3

7,366 × 10 -3

7.327 x 10 -3

7.367 x 10-3

7.363 × I0 -3

7,362 x 10-3

7.361 x 10 -3

7.380 × 10 -3

7.394 × 10 -3

7.384 × i0 -3

7,391 x 10 -3

1.096 × 10 -2

2.975 x 10 -1

4.903 × 10 -1

4.649 x 10-1

4.158 × 10-1

3.592 × 10-1

3.063 x 10-1

2,618 × 10-1

2.183 x 10 -1

1.837 × 10 -1

1.547 × 10 -1

1.305 x 10-1

1,102 x 10-1

9.439 x 10-2

7.413 x 10-3

7.421 × 10 -3

7.446 × 10 -3

7.446 × 10 -3

7.419 × 10 -3

7.392 × 10 -3

7.375 × 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

z/L
0.2500

O.25O0

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.25OO

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.250O

0.2500

0.250O

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.25OO

n/no

2.245 x 10 -4

2.240 × 10 -4

2.242 x 10 -4

2.234 x 10 -4

2.228 x 10 -4

2.216 x 10 -4

2.221 × 10 -4

2.230 x 10 -4

2.233 x 10 -4

2.243 x 10 -4

2.238 x 10 -4

2.241 x 10 -4

2.238 x 10 -4

2.246 x 10 -4

2.245 x 10 -4

2.231 x 10 -4

2.233 x 10 -4

2.231 x 10 -4

2.229 x 10 -4

2.229 x 10 -4

2.221 x 10 -4

2.227 x 10 -4

2.222 x 10 -4

2.225 × 10-4

2.219 x 10-4

2.243 x 10-4

2.248 x 10-4

2.246 x 10-4

2.241 x 10-4

2.239 x 10-4

2.240 × 10-4

2.258 x 10-4

2.244 x 10-4

2.229 x l0 -4

2.229 x l0 -4

2.231 x 10-4

u/V_

1.000

1.001

1.000

1.000

1.001

1.001

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000 3.371

1.000 3.717

1.000 3.438

1.000 3.458

1.000 1.473

1.000 2.947

1.000

1.000

1.000

w/V 
7.956 x 10 -4

2.393 × 10 -4

2.566 × 10 -4

3.075 × 10 -4

2.851 × 10 -4

3.373 x 10 -4

-1.556 × 10-4

1.174 x 10 -4

2.863 × 10 -4

4.507 × 10 -4

-1.238 × l0 -4

-4.532 × 10 -4

-2.649 × l0 -4

-5.847 × 10 -4

-3.520 × 10 -4

-2.338 × 10 -4

2.276 × 10 -4

-1.274 × 10 -4

7.699 × 10-4

7.680 × 10-5

2.375 × 10-4

2.828 × 10-4

1.582 × 10-4

3.557 × 10-4

-1.736 x 10 -4

-1.847 × 10 -4

2.201 × 10-4

x 10-4

× 10-4

× 10-4

× 10-4

x l0 -4

× 10-4

2.573 × l0 -6

-5.738 x 10-4

-2.671 x 10-4

nkT/pooV 2

7.406 × 10 -_

7.399 × 10 -3

7.391 x 10 -3

7.378 × 10 -3

7.342 × 10 -3

7.308 × 10 -3

7.322 × 10 -3

7.344 × 10 -3

7.347 × 10 -3

7.392 × 10 -3

7.389 × 10 -3

7.370 × 10 -3

7.355 × 10 -3

7.423 × 10 -3

7.408 × 10 -3

7.356 × 10 -3

7.346 × 10 -3

7.334 × 10 -3

7.284 x 10 -3

7.313 × 10 -3

7.268 × 10-3

7.318 × 10-3

7.299 × 10-3

7.339 × 10 -3

7.310 × 10-3

7.412 × 10-3

7.435 x 10 -3

7.415 × 10 -3

7.405 × 10 -3

7.387 × 10 -3

7.372 × 10 -3

7.470 × 10 -3

7.384 × 10 -3

7.366 × 10 -3

7.369 × 10 -3

7.349 × 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.7167

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.250O

0.2667

0.283___._3

z/L
0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2500

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

O.2667

O.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

n/no

2.245 x 10 -4

2.226 × 10 -4

2.229 x 10 -4

2.234 × 10 -4

2.221 × 10 -4

2.311 x 10 -4

9.831 x 10 -4

1.415 × 10 -3

1.374 × 10 -3

1.267 × 10-3

1.370 x 10-3

1.714 × 10 -3

2.045 × 10 -3

2.203 × 10 -3

2.125 × 10 -3

1.962 x 10 -3

1.788 × 10 -3

1.595 × 10 -3

2.238 × 10 -4

2.232 × 10-4

2.242 x 10-4

2.242 x 10-4

2.226 x 10-4

2.226 × 10-4

2.232 × 10 -4

2.240 × 10-4

2.242 x 10 -4

2.234 x 10 -4

2.242 × 10 -4

2.245 × 10-4

2.251 × 10-4

2.228 × 10-4

2.240 × 10-4

2.238 × 10-4

2.232 × 10 -4

2.229 x 10 -4

u/Voo

1.000

1.000

1.000

1.000

1.000

0.964

0.544

0.530

0.500

0.412

0.316

0.253

0.228

0.220

0.221

0.225

0.229

0.235

1.000

1.001

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Voo

-1.168 x 10-4

-4.349 x 10-4

-5.671 x 10-4

-8.617 × 10-5

2.727 × 10 -4

2.985 x 10 -2

0.400

0.450

0.413

0.324

0.241

0.185

0.156

0.141

0.132

0.126

0.117

0.110'

-2.015 x 10-4

4.624 × 10 -4

5.160 x 10 -4

2.974 x 10 -4

2.533 x 10 -4

4.455 x 10-4

-5.872 x 10 -6

5.145 x 10-4

1.267 x 10-4

3.654 x 10-5

-2.320 x 10-4

-2.569 × 10-4

1.931 x 10-4

2.302 x 10 -4

1.457 x 10-4

-2.917 x 10 -4

-6.839 × 10 -5

1.639 x 10-4

-kT/,,ooVL
7.403 x 10 -3

7.342 × 10 -3

7.312 × 10 -3

7.365 × 10 -3

7.310 × 10 -3

1.838 x 10 -2

3.658 × 10 -1

4.640 × 10-1

4.142 x 10 -1

3.618 × 10-1

3.134 × 10-1

2.708 × 10-1

2.315 × I0 -1

1.975 × 10-1

1.643 × 10-1

1.390 x 10 -1

1.205 × 10 -1

1.033 x 10 -1

7.412 × 10 -3

7.370 × 10 -3

7.398 × 10 -3

7.414 × 10-3

7.363 × 10-3

7.350 × 10-3

7.346 x 10-3

7.399 × 10-3

7.428 x 10 -3

7.369 × 10 -3

7.401 × 10 -3

7.415 x 10-3

7.466 × 10-3

7.361 × 10-3

7.392 × 10-3

7.397 × 10-3

7.383 × 10-3

7.368 × 10 -3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

O.600O

0.6167

O.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333i

0.8500

0.8667

0.8833

z/L
0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

O.2667

0.2667

0.2667

0.2667]

0.2667

0.2667

0.2667

O.2667

n/n o

-2222
2.223 × 10-4

2.233 × 10-4

2.240 x 10-4

2.236 × 10-4

2.235 × 10-4

2.240 × 10-4

2.232 x 10-4

2.239 x 10-4

2.238 x 10-4

2.239 × 10 -4

2.244 x 10 -4

2.242 × 10 -4

2.249 × 10 -4

2.237 × 10 -4

2.235 × 10 -4

2.251 × 10 -4

2.242 × 10 -4

2.260 x 10 -4

2.265 x 10 -4

2.259 × 10 -4

2.258 x 10 -4

2.263 x 10-4

2.249 x 10-4

2.249 x 10-4

2.259 × 10-4

2.253 x 10-4

2.237 × 10-4

2.231 × 10-4

2.249 x 10 -4

2.250 × 10 -4

2.677 x 10 -4

1.084 x 10 -3

1.282 x 10 -3

1.258 × 10 -3

1.153 x 10 -3

u/V_

0.999

1.000

1.000

0.999

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

0.999

1.O00

1.000

1.O00

1.000

1.000

1.000

0.999

0.998

0.913

0.54l

0.538

0.529

0.464

w/V_

6.277 x 10 -4

7.991 × 10 -4

6.176 × 10 -4

2.614 x 10-4

2.615 x 10-4

3.568 × 10-4

6.430 × 10-4

4.248 × 10-4

4.884 x 10-4

-1.330 x 10 -4

-1.950 x 10 -4

1.722 x 10-4

1.352 x 10-4

-2.153 x 10 -4

1.395 x 10-4

1.933 x 10-4

1.899 × 10-4

-5.531 x 10-4

-2.252 x 10-4

5.983 x 10 -4

3.528 x 10 -4

-2.042 x 10-4

-2.860 × 10-4

-4.567 × 10 -5

3.514 x 10 -4

-9.453 × 10 -5

5.187 × 10-4

-5.336 x 10 -5

-7.286 x 10 -5

2.453 x lO-4

1.517 x lO-5

7.294 x 10-2

0.410

0.439

0.414

0.343

nkT/pooV_

7.362 x 10-3

7.336 x 10 -3

7.390 x 10-3

7.415 x 10 -3

7.398 x 10-3

7.396 x 10-3

7.417 x 10-3

7.407 x 10-3

7.417 x 10-3

7.401 x 10-3

7.409 × 10-3

7.421 x 10-3

7.383 x 10-3

7.416 x 10-3

7.359 x 10-3

7.336 x 10-3

7.437 x 10-3

7.442 x 10 -3

7.504 x 10 -3

7.503 x 10 -3

7.456 x 10-3

7.437 x 10-3

7.463 x 10 -3

7.428 x 10-3

7.437 x 10-3

7.429 x 10-3

7.418 x 10-3

7.354 x 10-3

7.330 x 10-3

7.413 x 10-3

7.533 x 10 -3

3.665 x 10 -2

4.023 x 10 -1

4.243 x 10 -1

3.746 x 10 -1

3.231 x 10 -1
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L z/L

0.9000 0.2667

0.9167 0.2667

0.9333 0.2667

0.9500 0.2667

0.9667 0.2667

0.9833 0.2667

1.0000 0.2667

0.0000 0.2833

0.0167 0.2833

0.0333 0.2833

0.0500 0.2833

0.0667 0.2833

0.0833 0.2833

0.1000 0.2833

0.1167 0.2833

0.1333 0.2833

0.1500 0.2833

0.1667 0.2833

0.1833 0.2833

0.2000 0.2833

0.2167 0.2833

0.2333 0.2833

0.2500 0.2833

0.2667 0.2833

0.2833 0.2833

0.3000 0.2833

0.3167 0.2833

0.3333 0.2833

0.3500 0.2833

0.3667 0.2833

0.3833 0.2833

0.4000 0.2833

0.4167 0.2833

0.4333 0.2833

0.4500 0.2833

0.4667 0.2833

n/n o

1.151 x 10 -3

1.316 × 10 -3

1.563 x 10 -3

1.785 x 10 -3

1.854 x 10 -3

1.817 x 10 -3

1.703 × 10 -3

2.238 x 10 -4

2.237 x 10 -4

2.242 x 10 -4

2.234 x 10 -4

2.243 x 10-4

2.257 x 10 -4

2.251 x 10 -4

2.237 x 10 -4

2.251 x 10-4

2.248 x 10 -4

2.247 x 10-4

2.233 x 10-4

2.251 x 10-4

2.263 x 10-4

2.252 × 10-4

2.246 × 10 -4

2.244 × 10-4

2.251 × 10-4

2.253 x 10 -4

2.262 x 10 -4

2.248 x 10 -4

2.242 x 10 -4

2.241 x 10 -4

2.237 x 10 -4

2.238 x 10 -4

2.226 × 10 -4

2.232 x 10-4

2.239 x 10-4

2.236 × 10-4

u/V_

0.376

0.307

0.266

0.248

0.241

0.239

0.241

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.001

1,000

1.000

1.000

w/V_

0.267

0.207

0.168

0.146

0.134

0.123

0.114

-5.330 x 10 -4

-9.034 x 10 -5

1.386 x 10 -5

3.323 x 10 -4

-3.017 × 10-4

-6.362 × 10-4

-1.083 × 10-4

1.579 x 10 -4

1.080 x 10 -4

-8.308 × 10 -5

2.843 × 10 -4

3.409 x 10 -4

-9.339 × 10 -5

-5.419 x 10-4

5.012 x 10 -4

3.157 × 10 -4

-2.794 × 10 -4

-6.017 × 10 -5

-6.671 × 10 -4

-6.767 x 10-5

1.580 x 10 -4

3.888 × 10 -4

2.528 × 10 -4

-1.341 × 10-4

-3.763 x 10-4

-3.003 × 10-4

2.062 × 10 -4

-4.461 x 10-4

-2.833 x 10 -4

nkT/p_V _
3(3

2.803 x 10 -]

2.430 x 10 -1

2.090 x 10 -1

1.828 x 10 -1

1.543 × 10 -1

1.334 × 10 -1

1.145 x 10 -1

7.326 x 10 -3

7.339 × 10 -3

7.362 x 10 -3

7.336 x 10 -3

7.374 x 10-3

7.435 × 10 -3

7.398 x 10 -3

7.345 x 10 -3

7.411 x 10 -3

7.402 x 10 -3

7.402 x 10-3

7.328 × 10-3

7.364 × 10-3

7.407 x 10-3

7.398 × 10-3

7.368 × 10-3

7.374 × 10-3

7.401 × 10-3

7.440 x 10 -3

7.484 × 10 -3

7.402 × 10 -3

7.379 × 10 -3

7.340 × l0 -3

7.340 × 10 -3

7.356 × 10 -3

7.305 × 10 -3

7.338 × 10-3

7.377 x 10-3

7.393 × 10-3



_x/L.
0.4833

0.5000

0.5167

O.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

O.900O

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

0.28331

0.2833

0.28331

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

O.2833

O.2833

O.2833

O.2833

0.2833

O.2833

0.2833

O.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.2833

0.3000

0.3000

0.3000i

0.3000

n/n o

2.242× io
2_.238 x 10-4

2.230 × 10-4

2.243 × 10-4

2.228 x 10 -4

2.233 x 10 -4

2.236 × 10 -4

2.246 × 10 -4

2.239 x 10 -4

2.240 x 10 -4

2.231 x 10 -4

2.234 x 10 -4

2.250 × lO -4

2.245 x 10 -4

2.244 x 10 -4

2.250 x 10 -4

2.242 × 10-4

2.250 x 10 -4

2.236 x 10-4

2.239 x 10-4

2.257 x 10 -4

3.066 × 10 -4

1.094 x 10 -3

1.181 x 10 -3

1.149 × 10 -3

1.061 x 10 -3

1.002 × 10 -3

1.052 × 10 -3

1.200 x 10 -3

1.378 × 10-3

1.491 x 10-3

1.571 x 10-3

2.212 x 10-4

2.221 x 10-4

2.219 x l0 -4

2.219 x 10-4

u/V *lVoo
- i;O00 ...... _.192 x 10a_

1.000

1.000

0.999

0.999

0.999

1.000

1.000

0.999

0.999

0.999

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.865

0.552

0.554

0.554

0.511

0.440

0.369

0.315

0.285

0.269

0.260

1.000

1.000

1.000

1.000

7.807 x 10 -5

-t.270 x 10-4

-5.335 × 10 -4

-7.525 x 10 -4

-4.534 x 10 -4

-2.819 x 10 -4

-2.829 x 10 -4

-5.003 x 10 -4

-2.666 x l0 -4

-1.817 x 10-4

3.291 x 10-4

3.851 × 10-4

-2.953 × 10-6

7.296 x 10-4

4.140 x 10-4

5.822 x 10-4

1.067 × 10 -3

2.822 × 10 -4

4.255 x 10 -4

-2.458 x 10-4

0.117

0.406

0.428

0.409

0.358

0.291

0.231

0.187

0.158

0.139

0.126

3.205 x 10-4

9.710 x 10-5

-1.547 x 10-4

6.250 x 10-4

nkT/Pc_V 2

7.386 × 10 -3

7.333 × 10-3

7.353 × 10 -3

7.312 x 10 -3

7.352 × 10 -3

7.367 × 10 -3

7.394 x 10 -3

7.341 x 10 -3

7.388 x 10 -3

7.373 x 10 -3

7.350 × 10 -3

7.409 x 10 -3

7.374 × 10 -3

7.375 x 10 -3

7.396 x 10 -3

7.366 x 10 -3

7.346 x 10 -3

7.303 x 10 -3

7.356 x 10 -3

7.615 x 10 -3

5.664 x l0 -2

4.022 x 10 -1

3.943 x l0 -1

3.428 x 10 -1

2.942 x 10 -1

2.548 x 10 -1

2.219 x 10 -1

1.936 x 10 -1

1.694 x 10 -1

1.438 x 10 -1

1.266 x 10 -1

7.301 x 10 -3

7.326 x 10 -3

7.289 x 10 -3

7.307 x l0 -3



o.% 7
0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

O.65OO
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

z/L
0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

O.3O0O

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3O00

0.3000

0.3000

O.3O00

0.3000

0.3000

O.3O0O

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

n/n o

2.219 x 10 -4

2.239 x 10 -4

2.239 x 10 -4

2.233 x 10 -4

2.241 x 10 -4

2.240 x 10 -4

2.246 × 10 -4

2.250 x 10 -4

2.260 x 10 -4

2.255 x 10-4

2.243 x 10 -4

2.226 x 10 -4

2.244 x 10-4

2.227 x 10 -4

2.234 x 10-4

2.206 × I0 -4

2.209 x 10-4

2.238 x 10-4

2.239 x 10-4

2.234 x 10 -4

2.238 x 10 -4

2.242 x 10 -4

2.256 × 10 -4

2.251 × 10 -4

2.244 x 10 -4

2.240 × 10-4

2.240 x 10-4

2.232 x 10-4

2.230 x 10 -4

2.228 × 10-4

2.226 x 10-4

2.226 x 10 -4

2.245 x 10 -4

2.252 × 10 -4

2.243 x 10 -4

2.236 × 10 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.001

1.000

1.001

1.001

1.001

1.000

I.O00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

w/V_

5.883 x 10-4

2.409 x 10-4

-3.676 x 10-4

-4.332 x 10-4

-5.274 × 10-4

-6.287 × 10-5

4.358 x 10-5

-5.891 x 10-6

-3.395 x 10-4

-1.624 × 10-4

2.588 x 10 -4

-5.331 x 10 -4

-3.448 x 10 -4

-4.804 x 10 -4

-8.844 × 10 -4

-1.638 × I0 -4

4.917 x 10-4

1.737 x 10-5

2.980 × 10-4

2.044 × 10-4

-3.416 × 10 -4

3.206 × 10-4

-6.498 × 10-4

-6.471 × 10-4

-7.679 × 10-4

-2.287 × 10-4

-4.582 x 10-4

9.526 × 10 -5

-5.137 × 10 -4

-3.631 × 10 -4

-6.996 × 10 -4

-4.801 × 10 -4

-3.231 × 10 -5

2.639 × 10-4

6.425 × 10-4

-3.798 × 10-4

7.403 x 10 -3

7.387 × 10 -3

7.369 × 10 -3

7.403 × 10 -3

7.402 x 10 -3

7.400 × 10 -3

7.423 × 10 -3

7.456 × 10 -3

7.408 × 10 -3

7.409 × 10 -3

7.312 × 10-3

7.393 × 10-3

7.344 x 10-3

7.353 × 10-3

7.254 × 10-3

7.285 × 10-3

7.358 × 10 -3

7.361 × 10 -3

7.345 × 10 -3

7.354 × 10 -3

7.352 × 10 -3

7.424 x 10 -3

7.388 × 10 -3

7.390 x 10-3

7.377 × 10 -3

7.402 × 10 -3

7.355 × 10-3

7.329 × 10-3

7.357 × 10-3

7.339 × 10 -3

7.323 × 10 -3

7.386 x 10 -3

7.436 × 10 -3

7.390 × 10 -3

7.330 x 10 -3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.91671

0.9333 !

0.9500

0.9667

0.9833

1.0000

0.0000!

0.0167

0.0333

0.0500

0.0667
0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

z/L
0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

O.3OOO

0.3000

0.3000

0.3000

0.3000]

O.3O00

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3t67

0.3167

0.3167

0.3167

0.3167

n/n o

2.247 x 10 -4

2_242 x 10 -4

2.237 x 10 -4

2.257 x 10 -4

2.257 x 10 -4

2.254 x 10 -4

2.239 x 10 -4

2.256 x 10 -4

2.247 × 10 -4

2.233 x 10-4

2.253 x 10-4

3.392 x 10-4

1.089 x l0 -3

1.096 x 10-3

1.071 x 10-3

9.870 x 10-4

9.243 x 10-4

8.985 x 10 -4

9.536 x 10-4

1.058 x 10-3

1.168 x 10 -3

2.232 x 10 -4

2.230 × 10 -4

2.232 x 10 -4

2.242 x 10 -4

2.239 x 10 -4

2.241 x 10 -4

2.256 x 10 -4

2.254 x 10 -4

2.243 x 10 -4

2.249 x l0 -4

2.249 x 10 -4

2.233 x l0 -4

2.229 x 10-4

2.235 x 10-4

2.235 x 10-4

u/Vo 
1.000

1.000

1.001

1.000

1.000

1.001

1.000

1.001

1.000

1.000

1.000

0.832

0.569

0.572

0.578

0.554

0.502

0.438

0.379

0.336

0.309

0.999

0.999

1.000

1.000

1.000

0.999

0.999

1.000

1.000

1.000

1.000

1.000

0.999

0.999

1.000

w/V_

-2.163 x 10 -4

-4.807 x 10 -4

-3.935 x 10 -4

1.328 x 10-5

-3.603 × 10 -4

-2.272 x 10 -4

-6.839 x 10 -4

-8.236 x 10 -4

-1.055 × 10-3

-6.879 x 10-4

2.882 x 10-4

0.156

0.403

0.412

0.402

0.364

0.311

0.255

0.210

0.174

0.149

5.760 x 10 -4

2.995 x 10 -4

-1.984 x 10 -4

-7.649 x 10-5

-1.698 x 10 -4

-1.457 x 10 -4

2.688 x 10 -5

-3.897 x 10 -4

-3.176 x l0 -5

3.782 x 10-5

-5.627 x 10-4

-1.038 x 10-3

-1.631 x l0 -3

-1.133 x 10-3

-1.013 x 10-3

nkT/PooV L

7.365 x 10 -3

7.353 x 10 -3

7.354 x 10 -3

7.406 x 10 -3

7.434 x 10 -3

7.392 x 10-3

7.357 x l0 -3

7.379 x l0 -3

7.372 x 10-3

7.334 x 10-3

7.733 × 10-3

7.265 x 10-2

3.878 x 10-1

3.678 x 10-1

3.218 x 10-1

2.740 x 10-1

2.389 x 10-1

2.073 x 10 -1

1.828 x 10 -1

1.607 x 10 -1

1.407 x 10 -1

7.342 x 10 -3

7.328 x 10 -3

7.347 x 10 -3

7.387 x 10 -3

7.363 x 10 -3

7.397 x 10 -3

7.426 x 10 -3

7.410 x 10 -3

7.410 x 10 -3

7.419 x 10 -3

7.412 x 10 -3

7.339 x 10-3

7.330 x 10-3

7.362 x 10-3

7.344 x 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

0.2500
0.2667
0.2833
0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

O.450O

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.56671

0.5833

0.60001

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

z/L
0.3167

0.3167 2.250

0.3167 2.249

0.3167 2.249

0.3167 2.266

0.3167 2.249

0.3167 2.247

0.3167 2.255

0.3167 2.255

0.3167 2.257

0.3167 2.252

0.3167 2.253

0.3167 2.243

0.3167 2.243

0.3167 2.255

0.3167 2.251

0.3167 2.244 ×

0.3167 2.234 ×

0.3167 2.230 ×

0.3167 2.244 x

0.316712.246 ×

0.3167 2.247 x

0.316712.250 x

0.3167 2.240 ×

0.3167 2.242 x

0.3167 2.242 x

0.3167 2.245 ×

0.3167 2.244 ×

0.3167 2.236 ×

0.3167 2.236 ×

0.3167 2.241 ×

0.3167 2.251 x

n/n o

2.247 x 10 -4

x 10-4

x 10-4

x 10 -4

x 10 -4

x 10 -4

x 10 -4

x 10 -4

× 10 -4

x 10 -4

× 10-4

x 10 -4

x 10 -4

× 10 -4

× 10-4

x 10-4

10-4

10-4

10-4

10-4

10-4

10-4

10-4

10-4

10 -4

10-4

10 -4

10-4

10-4

10 -4

10-4

10 -4

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.999

0.999

0.999

0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.001

w/Vo_

-1.175 x 10-3

-4.720 x 10 -4

3.662 x 10 -5

5.467 x 10 -4

-3.083 x 10 -4

-7.362 × 10 -4

-5.483 × 10-4

-8.152 × 10-6

-5.763 × 10 -4

-1.158 × 10-3

-6.840 × 10-4

-6.646 × 10-4

-4.515 x 10-4

-3.500 x 10-4

-1.167 x 10-4

-2.439 × 10-4

-3.240 × 10 -4

2.182 × 10 -6

1.186 x 10 -4

-5.559 × 10 -4

-5.165 x 10 -4

-3.067 × 10 -4

-2.335 x 10 -4

-3.646 × 10-4

2.337 x 10 -4

3.951 × 10 -4

4.407 × 10 -4

2.295 × 10 -4

1.564 × 10 -4

4.252 x 10-4

6.048 × 10-4

nkT/Poo V2

7.396 x 10-3

7.406 x 10-3

7.379 x 10-3

7.412 x 10-3

7.454 x 10-3

7.413 x 10-3

7.393 x 10-3

7.427 x 10 -3

7.427 x 10-3

7.430 × 10-3

7.420 x 10 -3

7.447 x 10 -3

7.368 x 10 -3

7.366 x 10 -3

7.390 x 10 -3

7.379 x 10 -3

7.379 × 10 -3

7.344 × 10-3

7.337 x 10-3

7.376 x 10-3

7.395 x 10-3

7.398 × 10 -3

7.409 x 10-3

7.396 x 10 -3

7.397 x 10 -3

7.360 x 10 -3

7.390 × 10-3

7.373 × 10-3

7.368 x 10-3

7.369 × 10-3

7.377 x 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

O.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

z/L
0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

n/no

2.247 x 10 -4

2.250 x !0 -4

2.249 x 10 -4

2.249 x 10 -4

2.266 x 10 -4

2.249 x 10-4

2.247 × 10 -4

2.255 x 10-4

2.255 x 10 -4

2.257 x 10 -4

2.252 x 10 -4

2.253 x 10 -4

2.243 x 10 -4

2.243 x 10 -4

2.255 x 10 -4

2.251 × 10 -4

2.244 x 10 -4

2.234 x 10-4

2.230 × 10 -4

2.244 × 10-4

2.246 × 10-4

2.247 x 10-4

2.250 × 10 -4

2.240 × 10-4

2.242 × 10 -4

2.242 x 10 -4

2.245 x 10 -4

2.244 x 10 -4

2.236 × 10 -4

2.236 × 10 -4

2.241 x 10 -4

2.251 × 10 -4

2.246 × 10 -4

2.240 x 10-4

2.243 x 10-4

2.243 x 10 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.999

0.999

O.999

0.999

0.999

1.000

-1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.001

1.001

1.000

1.001

1.001

1.000

w/V_

-1.175 x 10 -3

-4.720 x 10 -4

3.662 × 10-5

5.467 x 10-4

-3.083 x 10 -4

-7.362 × 10 -4

-5.483 x 10 -4

-8.152 × 10 -6

-5.763 × 10 -4

-1.158 x 10 -3

-6.840 × 10-4

-6.646 × 10-4

-4.515 × 10-4

-3.500 × 10-4

-1.167 × 10-4

-2.439 × 10-4

-3.240 x 10 -4

2.182 x 10 -6

1.186 × 10 -4

-5.559 × 10 -4

-5.165 x 10-4

-3.067 x 10-4

-2.335 x 10 -4

-3.646 x 10 -4

2.337 x 10-4

3.951 × 10-4

4.407 x 10-4

2.295 x 10 -4

1.564 × 10 -4

4.252 x 10-4

6.048 x 10 -4

-3.366 × 10-4

5.021 x 10 -5

-2.457 x 10 -5

-8.903 x 10 -5

-5.252 × 10 -5

nkT/p_V z

7.396 x 10 -3

7.406 x 10-3

7.379 x 10-3

7.412 x 10-3

7.454 x 10-3

7.413 x 10-3

7.393 x 10-3

7.427 x 10-3

7.427 x 10-3

7.430 x 10 -3

7.420 x 10 -3

7.447 x 10 -3

7.368 x 10 -3

7.366 x 10 -3

7.390 x 10 -3

7.379 x 10 -3

7.379 x 10 -3

7.344 x 10-3

7.337 x 10-3

7.376 × 10-3

7.395 x 10-3

7.398 × 10-3

7.409 x 10-3

7.396 x 10-3

7.397 x 10-3

7.360 × 10-3

7.390 × 10 -3

7.373 x 10 -3

7.368 × 10 -3

7.369 × 10 -3

7.377 × 10 -3

7.430 × 10 -3

7.409 x 10 -3

7.357 x 10-3

7.378 × 10-3

7.373 × 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500i

0.0667]

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667]

0.1833 1

0.20001

0.2167

0.2333

0.2500

0.26671

O.2833

O.3OOO

0.3167

O.3333

0.3500

0.3667

0.3833

O.4OO0

0.4167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.3167

0.31671

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

n/n o

2.257 x lO:T

3.515 x 10 -4

1.053 x 10 -3

1.029 x 10 -3

9.772 x 10 -4

9.212 x 10-4

8.654 x 10-4

8.081 x 10-4

8.021 x 10-4

8.324 x 10-4

2.250 x 10-4

2.253 x 10-4

2.251 x 10-4

2.250 × 10-4

2.261 x 10 -4

2.248 x 10-4

2.265 x 10 -4

2.262 x 10 -4

2.253 x 10-4

2.247 × 10-4

2.240 × 10 -4

2.236 x 10 -4

2.248 x 10 -4

2.237 x 10 -4

2.242 × 10 -4

2.253 x 10 -4

2.237 x 10 -4

2.232 x 10 -4

2.243 x 10 -4

2.243 x 10 -4

2.244 x 10 -4

2.243 x 10-4

2.239 x 10-4

2.231 x 10 -4

2.237 x 10-4

2.236 x 10-4

u/V_

0.999

0.830

0.595

0.593

0.599

0.590

0.557

0.506

0.450

0.401

1.000

1.000

1.000

1.000

0.999

1.001

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.001

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.001

0.165

0.398

O.403

0.395

0.368

0.327

0.28O

0.234

0.197

4.156 × 10-4

2.820 × l0 -4

3.536 x 10 -4

2.580 × 10 -4

-1.654 × 10-4

6.856 × l0 -6

5.691 × l0 -4

8.516 x 10 -5

2.087 x 10 -4

-3.132 x 10-4

5.658 x 10 -5

-1.291 × 10-4

-3.280 x 10-4

4.399 x 10 -4

-1.446 x 10-4

1.812 × 10 -4

-4.271 × 10-4

-7.055 x 10 -4

-6.637 x 10 -4

-3.364 x 10 -4

-3.561 x 10 -4

-5.891 x 10 -4

-3.272 x 10 -4

-4.529 x 10 -4

2.855 x 10 -4

3.546 x 10-4

nkT/Pc_V 2---

7.841 x 10-;_

7.424 x 10-2

3.613 x 10-1

3.413 x 10-1

2.978 x 10-1

2.583 x 10-1

2.261 × 10-1

1.952 x 10-1

1.735 x 10-1

1.526 × 10-1

7.368 x 10 -3

7.387 x 10-3

7.407 x 10 -3

7.422 x 10-3

7.467 x 10 -3

7.418 x 10 -3

7.443 x 10 -3

7.429 x 10 -3

7.409 x 10 -3

7.367 x 10-3

7.349 x 10-3

7.300 x 10 -3

7.393 x 10 -3

7.362 x 10-3

7.385 x 10-3

7.387 x 10-3

7.328 x 10-3

7.320 x 10-3

7.362 x 10 -3

7.349 x 10-3

7.353 x 10-3

7.364 x 10 -3

7.341 x 10 -3

7.336 x 10 -3

7.360 x 10 -3

7.335 x 10 -3
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Table A.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167!

0.6333

0.6500]

0.6667

0.6833
0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

O.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

O.9667

0.9833

1.0000

0.0000

z/L
0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3500

n/no

2.235 x 10-4

2'.227 × 10 -4

2.225 x 10-4

2.235 x 10-4

2.231 × 10-4

2.229 x 10 -4

2.231 x 10 -4

2.224 x 10 -4

2.216 x 10 -4

2.229 × 10 -4

2.243 x 10 -4

2.242 x 10 -4

2.240 × 10 -4

2.254 × 10 -4

2.223 × 10-4

2.238 × 10 -4

2.243 x 10 -4

2.242 x 10-4

2.232 x 10-4

2.241 × 10-4

2.240 × 10 -4

2.241 × t0 -4

2.235 × 10 -4

2.227 x 10 -4

2.234 x 10 -4

2.228 × 10 -4

2.233 x 10 -4

3.342 × l0 -4

1.018 x 10 -3

9.896 × 10-4

9.234 x 10-4

8.690 x l0 -4

8.086 x 10-4

7.587 x 10 -4

7.197 x l0 -4

2.243 x l0 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.855

0.621

0.617

0.618

0.618

0.603

0.569

0.524

0.999

w/Voo
4.062 x 10 -4

-7.791 x 10-4

-4.923 x 10-4

-2.326 x 10-4

8.823 × 10 -5

6.143 × 10 -4

5.304 × 10 -5

-4.506 × 10 -4

1.249 × 10 -5

-2.158 × 10 -4

7.379 × 10 -5

2.574 × 10 -4

2.015 × 10 -4

3.678 × 10 -4

-7.752 × 10 -5

-2.317 × 10 -4

3.018 x 10-4

8.118 x 10-5

3.391 × 10 -4

3.117 × 10 -4

4.449 × 10 -4

4.160 × 10 -4

2.215 × 10 -4

-3.872 × 10 -6

1.717 × 10 -4

5.619 × 10-4

1.919 x 10-3

0.151

0.389

0.393

0.382

0.366

0.336

0.299

0.260

-6.302 x 10 -4

nkT/pooV_

7.331 × 10 -:l

7.344 x 10-3

7.310 × 10 -3

7.349 × 10 -3

7.338 × 10-3

7.322 x 10 -3

7.310 x 10 -3

7.303 x 10 -3

7.304 x 10 -3

7.343 x 10-3

7.371 × 10 -3

7.398 x 10-3

7.396 x 10-3

7.438 x 10-3

7.274 × 10 -3

7.391 x 10 -3

7.403 x 10 -3

7.375 × 10 -3

7.314 x 10 -3

7.359 x 10 -3

7.372 x 10 -3

7.399 x 10 -3

7.363 × 10-3

7.350 x 10 -3

7.349 x 10 -3

7.313 x 10 -3

7.869 x 10 -3

6.346 x 10 -2

3.329 x 10 -1

3.220 x 10 -1

2.848 x 10 -1

2.476 x 10 -1

2.147 x 10 -1

1.871 × 10 -1

1.668 x 10-1

7.373 × 10-3
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

x/b , z/L

0.0167 10.3500

0.0333 ]0.3500

0.0500 I 0.3500

0.0667 I 0.3500

0.0833 I 0.3500

0.1000 10.3500

0.1167 I 0.3500

0.1333 10.3500

0.1500 ]0.3500

0.1667 t 0.3500

0.1833 i0.3500

0.2000 I 0.3500
0.2167 J 0.3500

i
0.2333 I 0.3500

0.2500 ! 0.3500
0.2667 t0.3500

0.2833 0.3500
0.3000 0.3500

0.3167 10.3500

0.3333 10.3500

0.3500 ]0.3500

0.3667 ]0.3500

0.3833 ]0.3500

0.4000 ]0.3500

0.4167 I 0.3500

0.4333 10.3500

0.4500 1 0.3500

0.4667 I 0.3500

0.4833 I 0.3500

0.5000 10.3500

0.5167 10.3500

0.5333 I 0.3500

0.5500 I 0.3500

0.5667 I 0.3500

0.5833 I 0.3500

0.6000 10.3500

n/no

2_246 x iO-4-

2".242 x 10-4

2.246 x 10-4

2.252 x 10-4

2.251 x 10-4

2.248 x 10-4

2.265 × 10-4

2.241 x 10-4

2.243 x 10 -4

2.243 × 10 -4

2.234 x 10 -4

2.239 x 10 -4

2.230 x 10 -4

2.245 x 10-4

2.251 x 10 -4

2.258 x 10 -4

2.249 x 10-4

2.242 × 10 -4

2.247 x 10 -4

2.215 x 10 -4

2.227 x 10 -4

2.222 x 10 -4

2.224 x 10 -4

2.227 x 10 -4

2.238 x 10 -4

2.232 x 10 -4

2.238 x 10 -4

2.233 x 10 -4

2.218 × 10 -4

2.229 x 10 -4

2.230 x 10-4

2.232 × 10-4

2.242 × 10-4

2.231 x 10-4

2.230 x 10-4

2.240 × 10-4

u/Vet

0.999

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

w/Vet

-3.568 x 10 -4

-1.935 x 10 -4

-4.568 x 10 -4

1.762 x 10-4

1.344 x 10-4

-7.317 x 10 -4

3.182 x 10-6

-1.560 x 10 -4

-3.191 x 10 -4

-4.372 x 10 -4

-4.748 × 10 -4

-3.048 × 10 -5

-3.829 x 10 -4

1.759 x 10-6

9.176 x 10-5

5.556 x 10-5

1.564× I0-4

3.015 × lO-4

-3.864 x 10-4

-2.936 x 10-4

1.199× lO-4

-1.493 x 10-4

-2.651 x 10-4

--4.398x 10-4

-8.424 x 10-5

1.423 x 10-4

-1.136 × 10-4

-2,755 x 10-4

9.912 x 10-5

-1.453 × 10-4

-9.825 x 10-5

4.046 x 10-4

-3.872 x 10-4

-6.714 x 10-4

-6.659 x 10-4

-6.924 x 10-5

nkT/PocV 2

7.370 x 10-3

7.348 x 10-3

7.381 x 10 -3

7.400 × 10 -3

7.451 × 10-3

7.387 × 10-3

7.461 x 10 -3

7.379 x 10 -3

7.372 × 10-3

7.366 x 10-3

7.320 × 10 -3

7.353 × 10 -3

7.307 x 10 -3

7.375 x 10 -3

7.405 x 10 -3

7.445 × 10 -3

7.392 × 10 -3

7.387 × 10 -3

7.435 × 10 -3

7.301 × 10 -3

7.353 x 10 -3

7.320 × 10 -3

7.334 × 10 -3

7.342 × 10 -3

7.387 × 10 -3

7.352 × 10 -3

7.398 × 10 -3

7.382 × 10 -3

7.290 x 10 -3

7.344 × 10 -3

7.322 × 10 -3

7.348 × 10 -3

7.343 × 10-3

7.344 × 10 -3

7.351 x 10-3

7.380 × 10-3
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

x/L

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

z/L
0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

O.350O

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

O.350O

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3500

0.3667

0.3667

0.3667

O.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

n/n o

2.244 x 10 -4

2:237 × 10 -4

2.245 × 10 -4

2.229 × 10-4

2.239 x 10 -4

2.245 × 10 -4

2.241 × 10 -4

2.240 × 10 -4

2.254 x 10 -4

2.249 × 10 -4

2.244 × 10 -4

2.256 × 10 -4

2.239 × 10 -4

2.237 × 10 -4

2.240 × 10 -4

2.241 × 10 -4

2.238 × 10 -4

2.991 × 10 -4

9.552 x 10 -4

9.723 × 10 -4

8.822 × 10 -4

8.285 × 10 -4

7.722 × 10 -4

7.225 x 10 -4

2.230 × 10 -4

2.223 x 10 -4

2.220 x 10 -4

2.218 × 10 -4

2.214 × 10 -4

2.207 × 10-4

2.232 x 10-4

2.232 x lO-4

2.236 x 10 -4

2.240 x 10 -4

2.235 x 10 -4

2.236 x 10 -4

u/V 
1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.893

0.649

0.635

0.638

0.640

0.638

0.616

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/V 
4.655 x 10 -4

9.949 × 10 -4

1.644 x 10 -4

4.618 x 10 -4

4.836 x 10-4

-1.030 x 10 -4

1.958 × 10-5

-2.214 × 10 -4

-7.767 x 10 -4

-1.719 x 10-4

-2.124 × 10 -4

-2.092 x 10-4

-2.263 x 10-4

-5.054 × 10-4

-4.768 x 10-4

-1.326 x 10-4

4.871 x 10 -4

0.117

0.383

0.386

0.376

0.361

0.339

0.312

1.532 × 10 -4

-2.009 x 10-4

1.759 x 10-4

4.294 × 10 -4

-3.958 × 10 -4

-1.749 × 10-4

3.629 × 10 -4

-3.095 × 10 -4

-2.662 x 10 -4

-1.719 x 10 -4

-2.396 × 10 -4

-2.974 x 10 -5

nkT/PccV 2

7.398 x 10-3

7.323 x 10-3

7.406 x 10 -3

7.346 x 10 -3

7.389 × 10 -3

7.412 x 10 -3

7.393 x 10-3

7.385 x 10 -3

7.451 x 10-3

7.415 x 10 -3

7.403 x 10-3

7.455 x 10 -3

7.390 x 10 -3

7.357 × 10 -3

7.367 x 10-3

7.399 x 10 -3

7.423 x 10-3

4.585 x 10-2

2.943 x 10-1

3.074 x 10-1

2.705 × 10- !

2.392 × 10-1

2.084 x l0 -1

1.838 x l0 -1

7.380 × 10 -3

7.326 x 10-3

7.324 × 10-3

7.331 × 10-3

7.290 × 10-3

7.247 x 10-3

7.340 x 10 -3

7.350 × 10-3

7.369 x 10-3

7.378 x 10 -3

7.353 x 10 -3

7.407 x 10 -3
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

x/L
0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.43331

O.450O

0.46671

0.4833

0.5000

0.51671

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

O.70OO

0.7167

0.7333

0.7500

0.7667

0.7833

z/L
0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667i

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667 I

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

n/n o

2.238 x 10 -4

2.237 x 10 -4

2.233 x 10 -4

2.232 x 10 -4

2.237 x 10 -4

2.246 x 10 -4

2.225 x 10 -4

2.216 x 10 -4

2.215 x 10 -4

2.231 x 10 -4

2.238 x 10 -4

2.231 x 10 -4

2.234 x 10 -4

2.243 x 10 -4

2.251 x 10-4

2.237 x 10 -4

2.228 x 10 -4

2.232 x 10-4

2.237 x 10-4

2.233 x 10-4

2.224 x l0 -4

2.223 x 10-4

2.229 x 10-4

2.239 x 10-4

2.243 x 10-4

2.235 x 10 -4

2.249 x 10 -4

2.255 x 10 -4

2.247 x 10 -4

2.241 x 10 -4

2.251 x 10 -4

2.245 x 10 -4

2.235 x 10 -4

2.235 x 10 -4

2.247 x l0 -4

2.249 x l0 -4

u/V_

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.001

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.001

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.001

1.001

1.001

6.933 x 10 -4

3.344 x 10 -4

3.409 × 10 -4

9.098 × 10 -5

2.772 × 10 -4

-8.193 x 10 -4

-7.535 × 10 -4

8.399 × 10 -6

7.174 x 10-5

2.320 x 10-4

-2.623 x 10-5

1.747 x 10-4

-2.819 x 10-4

-1.943 × 10-4

-1.261 × 10-4

4.450 × 10-4

1.199 × 10 -4

2.380 × 10 -4

2.528 × 10 -4

-1.403 x 10-4

-5.222 × 10-4

-1.869 x 10 -4

-9.669 x 10 -5

-5.958 x 10 -5

-2.756 x 10 -4

-2.694 x 10 -4

-5.696 x 10 -4

-1.417 x 10 -3

-6.797 x 10 -4

-1.586 x 10 -4

-2.691 × 10 -4

-1.047 x 10 -4

-3.690 x 10 -4

2.578 x 10-5

-1.735 × 10 -4

nkT/pocV_

7.393 x 10-3

7.337 x 10-3

7.358 x 10-3

7.358 x 10-3

7.381 x 10-3

7.409 x 10 -3

7.337 x 10 -3

7.310 x 10 -3

7.281 x 10 -3

7.339 x 10 -3

7.374 x 10 -3

7.348 x 10 -3

7.380 x 10 -3

7.400 x 10 -3

7.414 x 10 -3

7.373 x 10 -3

7.363 × 10 -3

7.373 x 10 -3

7.406 x 10-3

7.389 × 10 -3

7.312 x 10-3

7.350 x 10-3

7.379 x 10-3

7.391 × 10-3

7.426 x 10-3

7.392 x 10-3

7.448 x 10-3

7.470 x 10-3

7.432 x 10-3

7.402 × 10 -3

7.449 × 10 -3

7.405 x 10 -3

7.385 x 10 -3

7.374 x 10 -3

7.408 x 10 -3

7.418 x 10-3
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TableA.I: Flow field variableson symmetry plane, coarse
grid (continued).

x/L
0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

O.25O0

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

z/L
0.3667

0.3667

0,3667

0.3667

0.3667

0.3667

0.3667

0,3667

0.3667

0,3667

0.3667

0.3667

0.3667

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

O.3833

0.3833

0.3833

0.3833

0.3833

n/no

2.250 x 10 -4

2:246 × 10 -4

2.243 × 10 -4

2.237 × 10 -4

2.232 × 10 -4

2.240 × 10 -4

2.258 × 10 -4

2.619 × 10 -4

8.578 × 10 -4

9.653 × 10 -4

8.556 × 10 -4

7.934 × 10 -4

7.401 × 10-4

2.241 × 10-4

2.243 × 10 -4

2.251 × 10-4

2.254 × 10 -4

2.247 x 10 -4

2.237 × 10 -4

2.219 × 10 -4

2.231 × 10 -4

2.232 × 10 -4

2.233 x 10-4

2.235 x 10-4

2.234 × 10 -4

2.242 × 10-4

2.242 × 10 -4

2.236 × 10 -4

2.239 x 10 -4

2.238 × 10 -4

2.247 x 10 -4

2.239 × 10-4

2.250 x 10-4

2.233 × 10 -4

2.251 × 10 -4

2.238 x 10 -4

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.001

0.943

0.684

0.659

0.664

0.662

0.663

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/V_
1.001 x 10 -4

5.101 x 10 -4

6.043 x 10 -4

-1.012 x 10 -4

3.896 x 10 -4

7.538 x 10 -4

9.146 x 10-4

6.831 x 10-2

0.362

0.379

0.370

0.357

0.342

-6.484 x 10 -4

-5.706 x 10 -4

1.515 x 10 -5

4.356 x 10-4

4.903 x 10-4

4.822 x 10-5

-8.254 x 10 -6

-1.840 x 10 -4

-I.760 x 10 -4

-2.554 x 10-4

-1.633 x 10 -4

-3.498 × 10 -4

-1.590 x 10 -6

-1.883 x 10 -4

-4.661 x 10 -4

-2.126 x 10 -4

-9.499 x 10-5

6.343 x 10 -5

-2.521 x 10-4

3.991 x 10 -5

4.876 × 10 -4

-1.007 × 10 -4

1.613 × 10-4

nkT/p_V t
30

7.419 x 10-3

7.403 × 10-3

7.382 × 10-3

7.383 x 10-3

7.340 × 10 -3

7.391 × 10-3

7.518 × 10 -3

2.698 x 10 -2

2.434 x 10 -1

2.913 × 10 -1

2.560 x 10 -1

2.298 × 10 -1

2.034 × 10 -1

7.371 x 10-3

7.358 x 10-3

7.399 × 10-3

7.420 × 10 -3

7.381 × 10 -3

7.321 × 10 -3

7.291 x 10 -3

7.338 x 10-3

7.316 x 10 -3

7.331 x 10 -3

7.349 x 10-3

7.343 × 10-3

7.367 x 10 -3

7.401 × 10 -3

7.380 × 10 -3

7.388 × 10 -3

7.365 x 10-3

7.396 × 10 -3

7.399 x 10-3

7.411 × 10-3

7.322 × 10-3

7.408 × 10 -3

7.373 x 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

0.3833
0.4000
0.4167
0.4333

0.4500

0.4667 [

0.4833 i

0.5000]

0.5167

0.53331

0.5500

0.5667

0.5833

0.6000

0.6167

O.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

O.7833

O.8OOO

0.8167

0.8333

0.8500

O.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.3833!

0.3833i

0.3833i

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.38331

0.38331

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

0.3833

n/no
-½.239 X iO"4

2'.232 × 10 -4

2.240 x 10 -4

2.240 x 10 -4

2.246 × 10 -4

2.243 × 10 -4

2.243 × 10 -4

2.235 X t0 -4

2.244 × 10 -4

2.258 X 10 -4

2.248 × 10 -4

2.244 × 10 -4

2.251 X 10 -4

2.245 x 10 -4

2.238 × 10 -4

2.248 X 10 -4

2.258 x 10 -4

2.255 × 10 -4

2.248 x 10 -4

2.237 × 10 -4

2.251 × 10 -4

2.252 × 10 -4

2.247 x I0 -4

2.235 × 10 -4

2.247 x 10 -4

2.241 × 10 -4

2.231 × 10 -4

2.235 x 10 -4

2.243 × 10 -4

2.254 X 10-4

2.259 × 10 -4

2.254 x 10 -4

2.244 × 10 -4

2.410 × 10 -4

6.813 × 10 -4

9.918 × 10 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

0.978

0.737

0.680

w/V_

2.399 x 10 -4

1.257 x 10 -4

1.820 x 10 -4

1.154 x 10 -4

8.582 x 10 -6

-9.730 x 10 -5

-4.717 x lO -4

-6.174 x lO -4

-3.805 x lO -4

-4.001 x 10 -4

-1.220 x 10 -4

-5.586 x 10 -4

-2.349 x 10 -4

1.841 x 10-4

-1.181 x 10 -5

-1.025 x 10 -4

3.051 x 10-4

4.415 x 10-4

9.123 x 10-5

1.606 x 10 -4

-2.723 x 10 -5

6.606 x 10 -4

-3.438 x lO-4

-1.256 x 10 -4

-2.778 x 10 -5

-1.186 x 10 -4

-1.990 x 10 -4

4.191 x 10-4

-2.105 x 10 -4

8.363 x 10-4

7.181 x 10-4

3.172 x 10-4

6.831 x 10 -4

2.820 x 10 -2

0.318

O.374

7.349 x 10-3

7.388 x 10-3

7.368 x 10-3

7.411 x 10-3

7.387 x 10 -3

7.371 x 10 -3

7.356 x 10 -3

7.373 x 10 -3

7.419 x 10-3

7.404 x 10 -3

7.398 x 10-3

7.447 x 10 -3

7.411 x 10 -3

7.365 x 10 -3

7.401 x 10 -3

7.439 x 10 -3

7.387 x 10 -3

7.388 x 10 -3

7.346 x 10 -3

7.430 x 10 -3

7.410 x 10 -3

7.416 x 10 -3

7.352 × 10 -3

7.421 x 10 -3

7.396 × 10 -3

7.334 x 10 -3

7.376 x 10 -3

7.393 x 10 -3

7.413 x 10 -3

7.434 x 10 -3

7.415 x 10 -3

7.373 x 10 -3

1.511 x 10 -2

1.725 × 10 -1

2.822 x 10 -1
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Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).

x/L
0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.i000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0 3167

0.3333

0.3500

0.3667

0.3833

O.40OO

0.4167

0.4333

0.4500

0.4667

0.4833

O.50OO

0.5167

0.5333

0.5500

i z/L
0.3833

0.3833

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.40001

0.4000

0.40O0

0.4000

0.4000

O.400O

0.4000

0.40O0

0.4O00

0.4O0O

0.4000

0.4000

0.4000

0.40O0

0.4000

O.40OO

n/n o

8.685 x 10-4

7'.839 × 10-4

2.234 x 10-4

2.235 x 10-4

2.244 x 10-4

2.250 x 10 -4

2.242 × 10 -4

2.244 × 10 -4

2.241 x 10 -4

2.249 × lO -4

2.244 x 10-4

2.240 x 10 -4

2.246 x 10 -4

2.253 x 10 -4

2.234 x 10-4

2.226 x 10-4

2.236 x 10-4

2.231 x lO-4

2.240 × lO-4

2.239 x 10 -4

2.241 x 10 -4

2.238 x t0 -4

2.234 x 10 -4

2.235 × 10-4

2.236 × lO-4

2.227 x lO-4

2.245 x 10-4

2.261 x lO-4

2.263 x 10-4

2.243 x 10 -4

2.242 x 10 -4

2.237 x 10 -4

2.248 × 10 -4

2.254 x lO-4

2.250 x 10-4

2.241 x 10 -4

u/Voo

0.682

0.681

1.O00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

w/Voo

0.363

0.349

7.491 x 10 -4

4.850 × 10-4

2.727 × 10-4

-2.721 x lO -4

-2.339 x 10 -4

-2.011 x 10-4

4.408 x 10-5

-4.090 x 10-4

-3.058 x 10-4

4.168 x 10-4

2.924 x 10 -4

-1.954 x lO-4

-1.109 x 10 -4

6.330 x lO-5

3.361 × 10 -4

6.238 x 10 -4

6.794 x lO-4

-1.700 x 10 -4

4.199 x 10-4

-1.164 x 10-4

2.039 x 10-4

-8.349 × lO-5

2.438 x 10 -4

2.259 × 10 -4

5.553 x 10 -5

-1.215 × 10 -3

-9.741 x 10 -4

-1.402 × 10 -4

4.041 x 10-4

7.821 × 10-6

-1.636 × 10-4

-1.630 × 10-4

-8.181 x 10-4

-5.444 × 10 -4

nkT/pocV 2

2.232 × 10-1

7.347 x 10-3

7.360 × 10-3

7.376 x 10-3

7.382 x 10 -3

7.381 x 10-3

7.399 × 10 -3

7.387 x 10 -3

7.425 x 10 -3

7.392 x 10 -3

7.390 × 10 -3

7.389 x 10 -3

7.416 x 10 -3

7.379 x 10-3

7.336 x 10-3

7.352 × 10-3

7.328 x 10-3

7.392 x 10 -3

7.386 x 10 -3

7.366 x 10 -3

7.385 x 10 -3

7.393 x 10 -3

7.371 x 10 -3

7.358 x 10 -3

7.366 × 10-3

7.427 x 10-3

7.485 x 10 -3

7.490 x 10-3

7.418 x 10-3

7.424 × 10 -3

7.385 x 10 -3

7.412 x 10 -3

7.421 x 10 -3

7.417 x 10 -3

7.382 x 10 -3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

O.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000:

0.1167

0.1333

z/L
0.4000

0.4000!

O.4O001

0.4000

0.40001

0.40001

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

0.4000

O.400O

0.4000

0.4000

0.4000

0.4000

O.4O0O

0.4000

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167i

0.4167

n/no

2.233 x 10-4

2.245 x 10 -4

2.248 x l0 -4

2.236 x l0 -4

2.244 x 10-4

2.243 x l0 -4

2.251 x 10-4

2.252 x 10 -4

2.247 x 10 -4

2.238 x 10 -4

2.242 x 10 -4

2.236 x 10 -4

2.235 x 10 -4

2.235 x 10 -4

2.230 x l0 -4

2.228 x 10 -4

2.234 x 10 -4

2.216 x 10-4

2.224 x 10-4

2.224 × 10-4

2.219 x 10-4

2.215 x 10 -4

2.217 x 10 -4

2.241 x 10 -4

4.447 × 10 -4

9.864 x 10 -4

8.906 x l0 -4

2.248 x 10 -4

2.238 x 10 -4

2.247 x 10 -4

2.246 x 10-4

2.242 × 10-4

2.241 x 10-4

2.233 x 10-4

2.245 x 10 -4

2.238 x l0 -4

u/Voo

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

t.000

1.000

1.000

1.001

1.001

0.997

0.825

0.707

0.703

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

w/Vo_
-9.134 x 10-5

-7.942 x 10-6

8.383 x 10 -5

3.546 x 10 -4

2.603 × 10 -4

-3.871 × 10-4

-1.873 x 10 -4

-1.267 x 10 -4

4.094 × 10 -4

3.713 × 10 -5

1.948 × 10 -4

-2.343 × 10 -4

-9.280 x 10 -4

-2.506 × 10 -4

-2.083 x 10 -4

-I.316 × 10-4

-9.516 x 10-5

-7.792 × 10-4

-5.251 x 10-4

-1.149 x 10-3

-4.284 × 10-4

-6.522 x 10-4

2.209 x 10 -4

6.385 × 10 -3

0.225

0.370

0.360

-8.298 × 10 -4

-9.259 x 10 -4

-8.344 × 10-4

-6.071 x 10-4

3.524 x 10-5

-5.747 × 10-6

3.447 × 10-5

-2.251 × 10-4

2.008 x 10 -4

nkT/pccV_

7.325 × 10-3

7.370 × 10-3

7.381 × 10-3

7.355 × 10-3

7.375 x 10-3

7.366 × 10-3

7.373 × 10-3

7.412 x 10 -3

7.394 x 10 -3

7.376 x 10 -3

7.394 x 10 -3

7.360 × 10 -3

7.382 × 10 -3

7.382 x 10 -3

7.360 x 10 -3

7.359 × 10 -3

7.361 × 10 -3

7.300 × 10 -3

7.334 x 10 -3

7.336 × 10 -3

7.306 x 10 -3

7.321 x 10 -3

7.336 × 10-3

8.944 x 10-3

8.982 x 10 -2

2.602 x 10 -1

2.424 x 10 -1

7.417 × 10 -3

7.384 × 10 -3

7.418 × 10 -3

7.440 x 10 -3

7.429 x 10 -3

7.386 × 10 -3

7.321 × 10-3

7.395 x 10-3

7.382 × 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.1500

0.1667

0.1833

0.2000

0.2167

0.2333

0.2500

0.2667

0.2833

0.3000

0.3167

0.3333

0.3500

0.3667

O.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

O.6833

0.7000

0.7167

0.7333

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

n/n o

2.235 × 10 -4

2:236 x 10-4

2.257 × 10 -4

2.244 × 10 -4

2.232 x 10 -4

2.224 x 10 -4

2.234 x 10 -4

2.234 × 10 -4

2.226 x 10 -4

2.235 x 10 -4

2.240 × 10 -4

2.247 x 10 -4

2.236 x 10 -4

2.242 × 10 -4

2.250 x 10 -4

2.250 x 10 -4

2.244 x 10 -4

2.253 x 10 -4

2.263 x 10 -4

2.252 × 10 -4

2.258 x 10-4

2.251 x 10 -4

2.250 x 10 -4

2.270 x 10 -4

2.246 × 10 -4

2.237 x 10 -4

2.234 x 10 -4

2.221 × i0 -4

2.231 x 10 -4

2.233 × 10 -4

2.229 × 10-4

2.237 × 10 -4

2.246 x 10 -4

2.249 x 10 -4

2.237 × 10 -4

2.236 × 10 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Vet

3.175 x 10 -4

6.434 x 10 -4

3.959 x 10 -4

4.223 x 10 -4

5.316 × 10 -4

4.152 × 10-4

1.586 x 10-4

-3.318 × 10-4

-8.350 × 10 -5

4.336 x 10 -4

4.004 × 10 -4

2.981 x 10 -4

5.685 × 10 -4

4.882 x 10 -4

9.473 x 10 -4

6.023 × 10 -4

4.107 × 10 -5

-1.676 x 10 -4

-1.145 x 10 -4

1.562 x 10 -5

9.107 x 10-5

2.827 x 10 -4

2.987 x 10 -4

4.520 × 10 -4

1.318 × 10 -5

-9.762 × 10 -6

2.361 x 10-4

3.651 x 10 -5

3.054 x 10-5

-4.266 × 10 -4

-3.508 x 10-4

-1.I10 × 10-4

-3.926 × 10 -4

-1.669 × 10 -4

-2.695 x 10-4

-8.271 × 10 -4

nkT/pccV L

7.380 x 10 -3

7.363 x 10 -3

7.458 x 10 -3

7.396 x 10 -3

7.372 x 10 -3

7.323 × 10 -3

7.354 x 10 -3

7.350 × 10 -3

7.315 x 10 -3

7.325 × 10 -3

7.368 × 10 -3

7.422 x 10 -3

7.365 × 10-3

7.373 x 10 -3

7.398 × 10-3

7.389 x 10 -3

7.364 × 10 -3

7.424 × 10 -3

7.454 × 10 -3

7.414 x 10 -3

7.444 x 10 -3

7.421 x 10 -3

7.412 x 10 -3

7.485 × 10 -3

7.408 x 10-3

7.353 × 10-3

7.341 x 10 -3

7.268 × I0 -3

7.314 × 10 -3

7.341 × 10 -3

7.302 x 10-3

7.393 x 10 -3

7.408 × 10-3

7.407 × 10-3

7.383 x 10 -3

7.409 × 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

O.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167!

0.2333

O.250O

O.2667

0.2833

0.3000

0.3167

z-/i,- ...... n/n o

0.4167 2.244 × 1_-_4--

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4167

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.43331

0.4333

0.4333

0.4333

0.4333

0.4333

2.240 x 10-4

2.238 x 10 -4

2.238 x 10 -4

2.231 x 10 -4

2.220 x 10-4

2.218 x 10-4

2.235 × 10-4

2.223 × 10-4

2.222 × 10-4

2.232 x 10 -4

2.233 × 10 -4

2.230 × 10 -4

2.229 x 10 -4

2.933 × 10 -4

8.787 x 10 -4

2.235 x l0 -4

2.242 × 10 -4

2.233 x l0 -4

2.237 × l0 -4

2.239 × l0 -4

2.237 x l0 -4

2.223 × 10-4

2.234 × 10-4

2.232 x l0 -4

2.226 x 10-4

2.223 x 10-4

2.225 x l0 -4

2.216 × 10-4

2.226 x 10-4

2.237 × l0 -4

2.235 × l0 -4

2.237 × l0 -4

2.238 × 10-4

2.231 x l0 -4

2.229 x l0 -4

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.000

1.000

0.999

0.927

0.739

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Voo

-6.818 × 10 -4

-2.226 × 10-4

-2.309 x 10 -4

-1.691 × 10-4

-4.639 × 10-4

-8.977 × 10-4

-8.179 x 10-4

-6.089 × 10-4

-4.201 × 10-4

-1.041 x 10-4

-4.257 × 10-4

-5.988 x 10-5

-3.198 × 10-4

3.460 x 10 -4

9.967 × 10 -2

0.350

-2.422 x 10-4

-1.104 × 10-4

-1.167 × 10-4

2.354 × 10 -4

1.769 × 10-4

-1.441 x 10 -4

3.567 × 10 -4

1.166 × 10-4

6.373 × 10-4

4.879 × 10-4

-2.121 x 10 -4

-3.395 × 10-5

3.867 × 10-4

3.612 × 10-4

-6.304 × 10-6

-1.338 x 10-4

-1.782 × 10-4

1.991 × 10 -4

1.016 × 10 -4

5.478 x 10 -4

nkT/PooV
"K3

7.437 × 10 -3

7.390 × 10 -3

7.387 × 10 -3

7.388 × 10 -3

7.374 x 10 -3

7.346 x 10 -3

7.327 × 10 -3

7.371 x 10 -3

7.344 x 10 -3

7.321 x 10 -3

7.363 x 10 -3

7.357 x 10-3

7.328 x 10 -3

7.509 × 10-3

3.415 x 10-2

2.124 × 10-1

7.346 x 10 -3

7.390 x 10-3

7.341 x 10-3

7.380 x 10 -3

7.398 x 10 -3

7.363 x 10 -3

7.326 x 10 -3

7.375 x 10 -3

7.348 x 10 -3

7.330 x 10 -3

7.321 × 10 -3

7.344 × 10 -3

7.305 × 10-3

7.340 × 10 -3

7.351 x 10-3

7.353 × 10-3

7.356 x 10-3

7.352 × 10-3

7.343 × 10-3

7.344 × 10-3
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TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).

x/L
0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

0.4333

0.4500

0.4667

0.4833

0.5000

0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

O.7O00

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

z/L
0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

n/no

2.236x 10-4

2_231x 10-4

2.234x 10-4

2.237x 10-4

2.237x 10-4

2.233x 10-4

2.239x 10-4

2.246x 10-4

2.243x 10-4

2.243x 10-4

2.245x 10-4

2.246× lO-4

2.250x 10-4

2.243x 10-4

2.241x 10-4

2.251x 10-4

2.243x lO-4

2.259x 10-4

2.252× 10-4

2.241× 10-4

2.236x 10-4

2.232× 10-4

2.234x 10-4

2.232x 10-4

2.233x 10-4

2.237x lO-4

2.239x 10-4

2.236x 10-4

2.229× I0-4

2.232 x 10-4

2.227x 10-4

2.233× 10-4

2.241x 10-4

2.236x 10-4

2.244x 10-4

2.236× 10-4

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.001

1.001

1.001

1.001

1.000

1.001

1.000

1.000

1.000

1.000

0.999

1.000

1.000

w/Vo_
-1.585 x 10-4

7.544 x 10 -5

2.821 x 10 -4

1.485 × 10 -4

-3.021 x 10-4

-1.867 x l0 -4

1,420 x 10 -4

4.539 x 10 -4

3.825 x 10 -4

4.813 x 10 -4

6.905 x 10 -4

8.854 x 10 -5

5.194 x 10-4

3,188 x 10-4

3.425 x 10-4

-4.062 x 10 -4

-2.831 x 10 -4

-2.177 x 10 -4

-2.161 x l0 -4

-8.656 x 10 -5

-2.403 x l0 -4

-1.816 x 10-4

-3.312 x 10-4

-3.735 x l0 -4

-6.990 x 10 -5

5.398 x 10 -4

2.544 x 10 -4

2.526 x l0 -4

1.696 × 10-4

-4.370 x 10 -5

4.165 x l0 -4

1.138 x l0 -4

1.821 x l0 -4

6.118 x 10 -4

2.632 x 10 -4

2.666 x 10 -4

nkT/pc_V _
_O

7.359x 10 -3

7.352x 10-3

7.365× lO-3

7.400x 10-3

7.397x 10-3

7.371x 10-3

7.387x lO-3

7.395× 10-3

7.379x 10-3

7.395x 10-3

7.379x 10-3

7.409x 10-3

7.422x 10-3

7.380x lO-3

7.383x lO-3

7.404x 10-3

7.388x lO-3

7.441x lO-3

7.443x 10-3

7.405x lO-3

7.398x 10-3

7.369x 10-3

7.329 x 10 -3

7.316 x 10 -3

7.328 x 10-3

7.355 x 10-3

7.377 x 10-3

7.399 × 10-3

7.373 × l0 -3

7.373 × 10-3

7.340 x 10 -3

7.369 × 10 -3

7.405 × 10 -3

7.368 × 10 -3

7.422 × 10 -3

7.394 × 10-3



TableA.I: Flow field variableson symmetryplane,coarse
grid (continued).
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x/L
0.9333

0.9500

0.9667

0.9833

1.0000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

0.1000

0.1167

0.1333

0.1500

0.1667

0.1833

0.2000

0.2167_

0.2333!

0.2500

0.2667

0.2833

0.30001

0.3167

0.3333

0.3500

0.3667

0.3833

0.4000

0.4167

O.4333

0.4500

0.4667

0.4833

0.5000

z/L
0.4333

0.4333

O.4333

O.4333

O.4333

0.4500

0.4500

0.4500

0.4500

0.4500

O.45OO

0.4500

0.4500

0.4500_

0.45001

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

n/no

2.227 x]O :4--

3.232 x 10-4

2.215 x 10-4

2.224 x 10-4

2.340 × 10 -4

2.243 × 10 -4

2.239 x 10 -4

2.244 × 10 -4

2.235 x 10 -4

2.226 × 10 -4

2.241 x 10 -4

2.253 × 10 -4

2.250 × 10 -4

2.240 x l0 -4

2.233 x 10-4

2.228 x l0 -4

2.230 x 10-4

2.236 x 10-4

2.248 x 10-4

2.245 x 10-4

2.241 × 10 -4

2.241 x 10 -4

2.245 × 10 -4

2.246 × 10 -4

2.237 x 10 -4

2.236 × l0 -4

2.229 x l0 -4

2.242 x l0 -4

2.238 × 10 -4

2.232 x 10-4

2.229 x 10-4

2.244 x 10-4

2.246 x 10 -4

2.235 x l0 -4

2.242 × l0 -4

2.232 × 10 -4

u/V 
1.000

1.000

1.000

1.000

0.984

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.000

w/V 
-1.435 × 10 -4

-2.786 × 10 -4

-3.347 x 10 -4

1.014 x 10-4

2.172 × 10-2

3.256 x 10-4

3.060 × 10-4

3.207 x 10-4

2.551 x 10-4

6.478 x 10 -5

3.322 × 10-4

2.683 x 10-4

-8.855 × 10-5

-5.746 x 10-5

7.962 x 10 -5

4.566 x 10 -4

2.263 x 10 -4

-3.287 x 10-4

-2.690 x 10-4

-9.952 x 10 -5

-3.031 x l0 -4

-2.224 x 10 -4

-9.784 x l0 -5

-2.449 x 10-4

-1.674 x l0 -4

3.708 x 10-4

-1.045 x 10-4

2.697 x 10-4

4.472 x 10 -4

4.704 x 10 -4

3.465 x 10 -4

-2.254 x l0 -5

2.088 x l0 -4

8.084 x 10 -5

5.194 x 10-5

-2.334 x 10 -4

nkT/pooV_
7.342 x 10-3

7.366 x 10-3

7.310 x 10-3

7.382 × 10-3

1.249 x 10-2

7.388 x 10-3

7.381 x 10-3

7.383 × 10 -3

7.387 x 10 -3

7.344 x 10 -3

7.376 x 10 -3

7.392 × 10 -3

7.372 x l0 -3

7.347 × l0 -3

7.341 x 10-3

7.333 x 10-3

7.357 x 10-3

7.386 x 10-3

7.428 × 10-3

7.415 x 10 -3

7.407 x 10 -3

7.410 x l0 -3

7.390 × 10 -3

7.415 x 10 -3

7.363 x 10 -3

7.365 x 10 -3

7.372 x 10 -3

7.414 x 10 -3

7.403 x 10 -3

7.382 x 10-3

7.374 × 10-3

7.443 x 10-3

7.453 x 10 -3

7.410 x 10 -3

7.414 x 10 -3

7.395 x 10 -3
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TableA.I: Flow field variables on symmetry plane, coarse
grid (continued).

x/L
0.5167

0.5333

0.5500

0.5667

0.5833

0.6000

0.6167

0.6333

0.6500

0.6667

0.6833

0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.81671

0.8333]

0.8500

0.8667

0.88331

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.O000

0.0000

0.0167

0.0333

0.0500

0.0667

0.0833

z/L
0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.45OO

O.45OO

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

0.4500

O.450O

0.4500

0.4500

0.4500

0.4500

0.45O0

0.45O0

0.4500

0.4500

O.45OO

0.4500

0.4667

0.4667

0.4667

0.4667

0.4667i

0.4667

n/no

2.230 x 10 -4

2:231 x 10 -4

2.234 x 10 -4

2.229 x 10 -4

2.237 x 10 -4

2.237 × 10 -4

2.237 × 10 -4

2.235 × 10 -4

2.225 × 10 -4

2.233 × 10 -4

2.238 × 10-4

2.237 × 10-4

2.230 × 10-4

2.234 x 10-4

2.238 × 10 -4

2.239 x 10 -4

2.242 × 10 -4

2.242 × 10 -4

2.246 x 10 -4

2.242 x 10-4

2.243 × 10-4

2.250 x 10-4

2.255 × 10-4

2.229 × 10-4

2.233 x 10-4

2.240 × 10 -4

2.238 x 10 -4

2.237 x 10 -4

2.250 x 10 -4

2.241 x 10 -4

2.229 x 10 -4

2.239 x 10 -4

2.233 × 10 -4

2.233 × I0 -4

2.222 x 10 -4

2.225 x lO -4

u/Vc_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.0O0

1.000

.1.O00

1.O00

1.O00

1.O00

1.O00

1.O00

1.O00

1.000

1.000

1200

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Vo_

-2.009 x 10 -4

-1.783 x 10 -5

-3.512 x 10 -4

-3.481 x 10 -4

2.408 x 10 -4

3.678 x 10 -4

6.644 x 10 -5

4.938 x 10 -4

1.001 x 10 -3

7.I07 x 10 -4

2.981 x 10-4

7.649 x 10 -4

6.905 x 10-4

7.605 x 10-4

3.146 x 10-4

3.069 x 10 -4

-7.275 × 10 -5

4.125 × 10 -4

3.427 x 10 -4

1.728 x 10 -4

3.141 × 10 -4

-1.575 × 10-4

5.331 x 10-4

4.617 x 10 -4

-7.090 x 10 -4

-3.830 × 10 -4

-5.749 x 10-4

-9.673 x 10-4

-1.281 x 10-4

-3.371 x 10-4

-4.260 x 10-5

-1.399 x 10 -4

-1.122 x 10 -4

-2.335 x 10-4

-7.280 x 10-5

1.820 x 10 -4

7.382 x 10-3

7.392 x 10 -3

7.365 x 10 -3

7.376 × 10-3

7.400 x 10-3

7.387 x 10-3

7.400 x 10-3

7.347 x 10-3

7.360 x 10 -3

7.383 x 10 -3

7.373 × 10 -3

7.359 x 10 -3

7.345 x 10-3

7.367 x 10 -3

7.353 x 10 -3

7.395 × 10 -3

7.410 x 10-3

7.405 × 10-3

7.429 x 10-3

7.424 x 10-3

7.454 x 10-3

7.468 x 10 -3

7.352 x 10 -3

7.350 x 10 -3

7.404 × 10 -3

7.420 x 10 -3

7.393 x 10 -3

7.445 × 10-3

7.418 x 10-3

7.388 x 10-3

7.404 x 10-3

7.370 x 10 -3

7.347 x 10 -3

7.328 x 10 -3

7.322 x 10-3



x/L
0.10001

0.1167 I

0.1333 I

0.1500 I

0.1667 I

0.18331

0.2000 I

0.21671

0.23331

0.2500 I

O.26671

O.2833]

0.3000]

0.31671

0.33331

0.35001

0.3667 I

0.38331

0.40001

0.41671

0.43331

0.45001

0.4667 I

0.4833]

0.50001

0.51671

0.5333 I

0.55001

0.56671

0.5833 I

0.6000 I

0.6167 ]

0.6333 ]

0.6500 I

0.6667 I

0.6833 i

Table A.I: Flow field variables on symmetry plane, coarse
grid (continued).
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z/L

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

n/no

2.226 x 10-4-

2.232 x 10-4

2.239 × 10 -4

2.233 × 10-4

2.231 x 10-4

2.221 × lO-4

2.224 × 10-4

2.221 x 10-4

2.224 x 10-4

2.221 x 10-4

2.234 x 10-4

2.225 × 10-4

2.235 × 10-4

2.249 × 10-4

2.226 × 10-4

2.231 x 10-4

2.229 × 10-4

2.224 × 10-4

2.236 x 10-4

2.244 x 10-4

2.237 × 10-4

2.242 × 10-4

2.235 × 10-4

2.233 × 10-4

2.240 × 10-4

2.234 × 10-4

2.227 × 10-4

2.217 × 10 -4

2.224 × 10 -4

2.235 × 10 -4

2.230 × 10 -4

2.226 x 10 -4

2.226 × 10 -4

2.239 × 10 -4

2.219 × 10 -4

2.232 × 10 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

w/V_
3.974 x 10 -4

2.058 × 10-4

-1.607 x 10 -5

-4.023 x 10 -4

-1.148 x 10 -4

3.410 × 10 -4

2.985 x 10 -4

2.385 x 10 -4

9.415 x 10 -5

-4.576 × 10 -4

-3.576 x 10 -4

-5.670 x 10 -4

6.929 x 10 -5

-1.979 x 10 -4

6.035 x 10-5

5.816 x 10 -5

1.110 x 10 -4

1.964 × 10 -4

8.121 × 10 -5

-3.184 x 10 -4

-5.269 x 10 -5

-4.378 x 10 -5

-4.304 × 10 -4

-8.348 x 10 -5

-1.791 x 10 -4

-3.511 x 10 -4

-4.848 x 10 -5

2.093 × 10 -4

3.621 x 10 -4

8.352 x 10 -5

-2.594 x 10 -4

-2.223 x 10 -4

2.136 x 10 -4

-1.414 x 10 -4

-1.954 x 10 -4

-1.191 x 10 -4

nkT/PooV L

7.336 x 10 -3

7.382 x 10 -3

7.389 x 10 -3

7.394 x 10 -3

7.401 x 10 -3

7.345 x 10 -3

7.327 x 10 -3

7.313 x 10 -3

7.340 × 10 -3

7.330 x 10 -3

7.364 x 10 -3

7.366 x 10 -3

7.388 x 10 -3

7.417 x 10 -3

7.346 x 10-3

7.361 x 10 -3

7.347 × 10 -3

7.317 × 10-3

7.375 x 10 -3

7.384 x 10-3

7.373 × 10-3

7.376 x 10-3

7.361 x 10-3

7.360 x 10-3

7.374 × 10-3

7.363 x 10-3

7.330 x 10-3

7.299 × 10-3

7.317 x 10-3

7.339 x 10-3

7.326 x 10-3

7.323 × 10-3

7.320 x 10 -3

7.383 x 10 -3

7.305 × 10 -3

7.360 × 10-3



Table A.I: Flow field variableson symmetryplane,coarse
grid (contimmd).
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x/L
0.7000

0.7167

0.7333

0.7500

0.7667

0.7833

0.8000

0.8167

0.8333

0.8500

0.8667

0.8833

0.9000

0.9167

0.9333

0.9500

0.9667

0.9833

1.0000

z/L
0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

0.4667

n/n o

2.235 x I0 -4

2'.237 x 10-4

2.244 x 10-4

2.254 x 10-4

2.256 x 10-4

2.268 x 10-4

2.263 x 10 -4

2.273 × 10-4

2.275 x 10-4

2.272 x I0 -4

2.267 x 10 -4

2.261 x 10 -4

2.267 × 10 -4

2.267 x 10 -4

2.266 x 10 -4

2.268 x 10 -4

2.262 × 10 -4

2.262 x 10-4

2.258 x 10-4

u/V_
I.O0O

1.000

1.000

1.000

1.000

1.000

1,000

1.000

1.000

I.O00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Voo
1.960 x I0 -4

3.120 x 10 -4

2.429 x 10 -4

-2.819 x 10 -5

-1.239 × 10 -4

5.312 x 10 -4

8.561 x 10-5

-1.055 x 10 -4

-3.624 x 10-4

4.118 x IO -5

-4.759 × 10-4

-2.958 x 10-4

-3.040 x 10-5

1.296 x 10 -4

2.380 x 10 -4

1.595 x 10 -4

-3.556 × 10 -4

1.673 x 10-4

1.694 x 10 -4

nkT/Pc_V z
7K)

7.360 x IO -3

7.361 x 10 -3

7.378 × 10 -3

7.403 x 10 -3

7.428 × 10 -3

7.448 × 10 -3

7.456 × 10 -3

7.503 x 10 -3

7.497 × 10 -3

7.487 × IO -3

7.476 x 10 -3

7.475 × 10 -3

7.487 x 10 -3

7.494 × 10 -3

7.478 x 10 -3

7.493 × 10 -3

7.470 × 10 -3

7.492 × 10 -3

7.472 × I0 -3



A.1.2 Fine Grid Resolution
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Given next in Table A.2 are the flow field variables interpolated to the fine grid

region shown in Figure A.1. This region has the dimensions 0.6667 < x/L < 1.0 and

0 < z/L < 0.3333. Regular cell spacing of 0.001 m in each direction was applied, which

created an array of 50 x 50 points, each point with a resolution of 1.0 x 10-6m 2. As

discussed previously, the variables x/L, z/L, n/no, u/Vc¢ , w/Voc , and nkT/p_Y 2oc

were interpolated from the x-z symmetry plane of the simulation flow field because they

describe the kinematics and thermodynamics of the flow field. Note that the same nor-

malization factors as in Table A.1 were used for Table A.2.

x/L
0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

O.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

Table A.2: Flow field variables on symmetry plane, fine grid.

z/L
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

n/n o

5.651 x 10-4

6.048 × 10-4

6.520 × 10-4

6.883 x 10 -4

7.654 x 10 -4

8.239 × 10 -4

8.831 x 10 -4

9.172 x 10 -4

9.466 x 10 -4

9.138 x 10 -4

8.614 × l0 -4

8.010 x l0 -4

7.441 × 10-4

6.918 × 10-4

6.523 × 10-4

6.309 x l0 -4

6.027 x 10-4

5.925 x 10 -4

5.433 x l0 -4

u/V 
-4.079 x 10 -2

-4.506 x 10 -2

-4.234 x 10 -2

-4.194 × 10 -2

-3.458 x l0 -2

-2.728 × 10 -2

-1.704 × 10-2

-3.813 × 10-3

6.544 x 10-3

2.363 x 10-2

3.125 x 10 -2

3.959 x 10 -2

4.260 x l0 -2

4.287 x 10 -2

3.986 × 10 -2

3.570 × l0 -2

3.050 × 10 -2

3.023 x l0 -2

3.345 x l0 -2

w/Vc¢
3.379 x 10-4

-3.601 x 10-4

3.357 x 10 -3

2.221 x 10 -3

1.766 x 10 -3

1.084 x 10-4

2.008 x 10 -4

-3.011 × 10 -4

6.297 × 10 -4

9.312 x 10-4

5.436 × 10-4

1.440 × 10-3

2.046 x 10 -3

2.867 x 10 -3

2.332 x 10 -3

-4.730 × 10-5

9.770 × 10 -4

-1.033 x 10-3

1.991 x 10 -3

1.108 × 10 -1

1.215 × 10 -1

1.321 x 10 -1

1.454 x 10 -1

1.578 x 10 -1

1.667 × 10 -1

1.745 x 10 -1

1.767 x 10 -1

1.691 × 10 -1

1.565 x 10 -1

1.453 x 10 -1

1.309 x 10-1

1.186 × 10 -1

1.114 x 10 -1

1.073 x 10 -1

1.010 x 10 -1

9.816 x 10 -2

8.739 x 10 -2



x/L
0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

O.880O

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

O.6667

0.6733

O.68OO

0.6867

Table A.2: Flow field variables on symmetry plane, fine grid

(continued).
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z/L
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0067

0.0067

0.0067

0.0067

n/no

4.950 x 10 -4

3_427 x 10 -4

2.316 x 10 -4

1.187 x 10 -4

2.221 x 10 -3

3.197 x 10-3

4.055 x 10-3

4.957 x 10-3

5.826 x 10-3

6.629 x 10-5

3.541 x 10-5

2.600 x 10-5

2.328 x 10-5

2.824 x 10 -5

3.169 x 10 -5

3.389 x 10 -5

3.830 x 10 -5

3.904 x 10 -5

3.889 x 10 -5

4.791 × 10 -5

4.784 x 10 -5

5.067 x 10 -5

5.092 x 10 -5

5.085 x 10 -5

5.173 x 10 -5

5.270 × 10-5

5.173 × 10-5

5.129 x 10-5

5.109 x 10-5

4.694 x 10-5

3.904 x 10 -5

3.868 x 10 -5

4.551 x 10 -4

4.693 x 10 -4

4.948 x lO -4

5.251 × 10 -4

u/V_

3.349 x 10-2

3.410 × 10-2

3.474 × 10-2

-0.118

-0.197

-0.100

-9.125 × 10 -4

9.789 × 10 -2

0.192

0.216

0.180

0.129

9.408 x 10 -2

7.647 x 10-2

5.492 × 10-2

4.364 ×-10 -2

4.292 x 10-2

4.295 x 10-2

4.255 x 10-2

2.697 x 10-2

2.691 x 10-2

3.370 x 10-2

3.422 x 10-2

3.429 × 10 -2

3.448 × 10 -2

3.473 × 10 -2

3.967 × 10 -2

4.407 x 10 -2

4.395 × 10 -2

3.484 × 10 -2

1.841 × 10 -2

1.677 × 10 -2

-9.916 × 10 -2

-0.104

-0.100

-9.239 x 10-2

w/Vet

7.682 x 10-4

2.521 x 10-3

2.654 x 10-3

8.042 x 10-3

0.172

0.178

0.183

0.188

0.192

4.870 x 10 -3

9.766 x 10 -3

5.563 x 10 -4

3.920 x 10 -3

3.853 x 10 -3

2.591 x 10-3

2.243 x 10-3

-3.004 × 10-3

-3.450 x 10-3

-3.790 × 10-3

5.432 x 10-3

5.343 x 10-3

2.370 x 10 -3

2.237 x 10 -3

2.297 x 10 -3

1.074 x 10-3

-3.754 x 10 -4

-1.692 x 10 -3

-2.810 x 10 -3

-2.631 x 10 -3

-2.096 x 10 -3

-7.226 x 10 -4

-8.950 x lO-4

5.558 x 10 -3

3.310 x 10 -3

-1.813 x 10-3

-8.300 × 10-3

nkT/p_V _
50

7.803x 10-2

5.312x 10-2

3.469x 10-2

1.538x 10-2

1.179x I0-I

1.632x I0-I

2.015x I0-I

2.387x I0-I

2.776x I0-l

2.170 x 10-3

2.888x 10-3

2.588x 10-3

2.930× 10-3

3.980x 10-3

4.495x 10-3

4.821x lO-3

5.703x 10-3

5.851x lO-3

5.831× 10-3

7.375x 10-3

7.366× 10-3

7.556x 10-3

7.583x 10-3

7.572x 10-3

7.838x 10-3

8.154x 10-3

7.998x 10-3

7.925x 10-3

7.895× 10-3

7.295x 10-3

6.136x lO-3

6.081x 10-3

1.037x I0-I

I.II0× lO-I

1.195x I0-l

1.306× I0-I
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L z/L

0.6933 0.0067

0,7000 0.0067

0.7067 0.0067

0.7133 0.0067

0.7200 0.0067

0.7267 0.0067

0.7333 0.0067

0.7400 0.0067

0.7467 0.0067

0.7533 0.0067

0.7600 0.0067

0.7667 0.0067

0.7733 0.0067

0.7800 0.0067

0.7867 0.0067

0.7933 0.0067

0.8000 0.0067

0.8067 0.0067

0.8133 0.0067

0.820010.0067

0.82671 0.0067

0.8333 0.0067

0.8400 I 0.0067l

0.8467 0.0067

0.8533 0.0067

0.8600 0.0067

0.8667 0.0067

0.8733 0.0067

0.8800 0.0067

0.8867 0.0067

0.8933 0.0067

0.9000 0.0067

0.9067 0.0067

0.9133 0.0067

0.9200 0.0067

0.9267 0.0067

n/n o

5.582 x 10 -4

5.969 x 10-4

6.273 x 10 -4

6.565 x 10-4

6.740 x 10 -4

6.701 x 10 -4

6.533 × 10 -4

6.267 × 10 -4

5.956 x 10 -4

5.770 x 10 -4

5.559 × 10 -4

5.504 x 10-4

5.424 x l0 -4

5.424 x 10 -4

5.322 x l0 -4

4.871 x 10-4

4.363 x 10 -4

8.375 x 10-4

4.958 x 10-3

8.607 x 10-3

6.493 x 10-3

9.487 x 10-3

8.269 x 10-3

9.462 x 10-3

4.340 x 10-3

5.263 x 10-4

1.078 x l0 -4

4.967 x l0 -5

3.908 x 10 -5

3.831 x 10 -5

3.839 x 10 -5

4.168 x 10 -5

4.444 x I0 -5

4.592 x l0 -5

4.978 x 10 -5

5.089 x 10 -5

-5.857 x 10 -2

-3.542 x 10 -2

-6.014 x 10 -3

2.313 x 10-2

5.087 x 10-2

7.352 x 10-2

8.933 x 10-2

0.100

9.908 × 10-2

9.155 x 10-2

8.172 x 10-2

7.289 x 10-2

6.457 x 10-2

5.446 x 10 -2

2.891 x 10 -2

-3.888 x 10-2

-0.180

-O.236

-0.184

-O.lO1

-1.122 x 10-2

8.680 x 10 -2

0.185

0.243

0.274

O.268

0.223

0.175

0.129

9.925 x 10 -2

7.780 x 10-2

6.491 × 10-2

5.644 x lO-2

5.464 × 10-2

5.252 x 10-2

w/Voo
-1.285 x 10-2

-2.076 x 10-2

-2.325 x 10-2

-2.858 x 10-2

-2.847 x lO-2

-2.159 × lO-2

-1.399 x 10-2

-7.315 x 10-3

1.107x 10-3

8.389x 10-3

9.498x 10-3

7.435x lO-3

4.877x lO-3

1.699x lO-3

8.918x 10-4

1.428x lO-2

4.084 x 10-2

9.907 x 10-2

0.180

0.213

0.200

0.215

0.2O9

0.215

0.179

0.112

6.568 × 10-2

3.927 × lO-2

2.915 × lO-2

2.632 x 10-2

2.273 × 10-2

2.071 × 10-2

1.794 x 10-2

1.526 x 10-2

1.636 x 10-2

1.509 x lO -2

1.554 x 10 -1

1.651 x 10 -1

1.710 x 10 -1

1.721 x 10 -1

1.647 x 10 -1

1.520 x 10 -1

1.395 x 10 -1

1.257 x 10 -1

1.169 x 10 -1

1.100 x 10 -1

1.056 x 10 -1

1.013 x 10 -1

9.947 x 10 -2

9.331 × 10 -2

8.135 x 10 -2

7.019 x 10 -2

8.174 x 10 -2

1.790 x 10 -1

2.923 x 10 -1

2.441 × 10 -1

3.402 x 10 -1

3.202 x 10 -1

3.145 x 10-1

1.328 x 10-1

1.618 × 10-2

5.084 x 10-3

4.146 x 10-3

4.276 x 10 -3

4.946 x 10 -3

5.423 x 10 -3

6.005 x 10 -3

6.540 x 10 -3

6.916 × 10 -3

7.480 x 10 -3

7.668 × 10 -3



0.9333
0.9400
0.9467
0.9533
0.9600
0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

O.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

Table A.2: Flow field variables on symmetry plane, fine grid

(continued).
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z/L
0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

n/no

5.232 x 10-5

5.306 x 10-5

5.332 x 10-5

5.370 x 10-5

5.411 x 10-5

5.381 x 10-5

5.363 x 10-5

5.365 x 10-5

5.092 x 10 -5

4.775 x 10 -5

4.669 x 10-5

3.634 x 10 -4

3.714 x 10 -4

3.915 x l0 -4

4.069 x 10 -4

4.287 x l0 -4

4.553 × 10 -4

4.873 x 10 -4.

5.147 x 10 -4

5.334 x 10 -4

5.341 × 10 -4

5.292 x 10 -4

5.164 x 10 -4

5.001 x 10 -4

4.896 × 10 -4

4.904 x 10-4

4.998 x 10 -4

5.117 x 10-4

5.290 x 10-4

5.566 x 10-4

6.335 x 10-4

1.222 x 10-3

3.900 × 10-3

8.050 × 10-3

6.954 x 10-3

8.911 x 10-3

u/V_

5.411 x 10 -2

5.328 x 10 -2

5.320 x 10 -2

5.364 × 10 -2

5.404 x 10 -2

5.685 x 10 -2

5,950 x 10 -2

6.041 × 10 -2

5.835 x 10 -2

5.528 x 10 -2

5.611 x 10 -2

-0.129

-0.132

-0.126

-0.114

-9.663 x 10-2

-6.683 x 10-2

-3.596 x 10-2

-8.327 x l0 -4

3.650 x 10-2

6.748 x 10 -2

9.630 x 10 -2

0.116

0.129

0.128

0.119

0.103

8.381 × 10 -2

5.715 x 10 -2

9.681 x 10 -3

-8.345 x l0 -2

-0.204

-0.247

-0.224

-0.168

-8.667 x 10 -2

w/V_

1.460 x 10-2

1.345 x 10-2

1.278 x 10-2

1.148 x 10 -2

9.632 x 10 -3

8.713 x 10 -3

7.580 x 10 -3

6.814 x 10 -3

5.501 x 10 -3

3.173 x 10 -3

1.331 x 10 -3

1.103 x 10-2

1.015 x 10-3

-1.236 x 10-2

-2.571 x 10-2

-4.023 × 10-2

-5.401 x 10-2

-7.265 × 10 -2

-7.708 x 10-2

-7.610 x 10 -2

-6.082 x l0 -2

-4.160 x 10-2

-2.027 x 10 -2

-1.403 x l0 -3

1.487 x 10-2

2.101 × 10 -2

1.883 x 10 -2

1.358 x 10 -2

1.286 × 10 -2

2.834 x 10 -2

7.086 x 10-2

0.134

0.185

0.214

0.210

0.221

nkT/Pc_V z

7.804x 10-3

7.950x 10-3

7.984x 10-3

8.099x 10-3

8.268x lO-3

8.219x 10-3

8.197x 10-3

8.215x lO-3

7.847x 10-3

7.434x 10-3

7.293x I0-3

l.O01× I0-I

1.066x I0-I

1.165× I0-I

1.252x I0-I

1.350x I0-I

1.459x I0-I

1.564× 10-I

1.621x 10-I

1.619x lO-I

1.540x lO-I

1.438x I0-I

1.308x I0-I

1.195x lO-I

1.112× lO-I

1.070× I0-I

1.061x 10-I

1.054x 10-I

1.039x 10-1

].012x 10-I

9.690x 10-2

9.911x 10-2

I.]05x I0-I

1.930x lO-I

1.893x I0-l

2.558x I0-l
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.8333 0.0133

0.8400 0.0133

0.8467 0.0133

0,8533 0.0133

0.8600 0.0133

0.8667 0,0133

0.8733 0.0133

0.8800 0.0133

0.8867 0.0133

0.8933 0.0133

0.9000 0.01331

0.9067 0.0133

0.9133 0.0133

0.9200 0.0133

0.9267 0.0133

0.9333 0.0133

0.9400 0.0133

0.9467 0.0133

0.9533 0.0133

0.9600 0,0133

0.9667 0.0133

0.9733 0.0133

0.9800 0.0133

0.9867 0,0133

0.9933 0.0133

1.0000 0.0133

0.6667 0.0200

0.6733 0.0200

0.6800 0.0200

0,6867 0.0200

0.6933 0.0200

0.7000 0.0200

0.7067 0.0200

0.7133 0.0200

0.7200 0.0200

0.7267 0.0200

n/no

7.448 x 10 -3

8.383 x 10 -3

7.304 x 10 -3

6.739 × 10 -3

3.648 x 10 -3

9.800 × 10 -4

2.612 x 10 -4

1.000 × 10-4

6.529 x 10-5

5,259 x 10-5

5.131 x 10-5

5,162 × 10-5

5.218 x 10-5

5,332 x 10-5

5,399 x 10-5

5,448 x 10-5

5,518 x 10-5

5,581 x 10-5

5.602 x 10-5

5.599 x 10 -5

5.598 x 10 -5

5.593 x 10 -5

5,557 x 10 -5

5.420 x 10 -5

5,311 x l0 -5

5,192 × 10 -5

3,082 × 10 -4

3.122 x 10 -4

3.195 x l0 -4

3.304 x 10 -4

3.498 x 10-4

3.883 x 10 -4

4.222 x 10 -4

4,529 x 10 -4

4.805 × 10 -4

4.806 x l0 -4

u/Voo

4.983 x 10 -3

8.383 x 10-2

0.166

0.230

0.257

0,281

0.290

0.271

0.230

0.178

0.139

0.111

9,423 x 10 -2

8.557 x l0 -2

7.955 x 10 -2

7.650 x 10 -2

7,381 x l0 -2

7.290 x 10 -2

7.264 x 10 -2

7.306 x 10 -2

7.393 x 10 -2

7.524 x 10 -2

7,690 x 10 -2

7,856 x 10 -2

8.223 x 10 -2

8.386 x l0 -2

-0.123

-0.124

-0.116

-9.985 x 10-2

-8.467 x 10 -2

-5,442 x 10 -2

-2.499 x l0 -2

6.754 x l0 -3

3.841 x l0 -2

7.1t2 x l0 -2

w/Voo

0.217

0.218

0.212

0.206

0.186

0.147

0.110

8.298 x l0 -2

6.569 x 10-2

5,533 x 10-2

4.872 x 10-2

4.203 x 10-2

3.637 x 10-2

3.343 x 10-2

3.018 x 10-2

2.811 x 10-2

2,621 x 10-2

2.476 x l0 -2

2.348 x 10-2

2,126 x 10 -2

2.014 x 10 -2

1.864 x 10 -2

1,690 x 10 -2

1.470 x 10 -2

1.170 x 10-2

8.385 x 10-3

7.153 x 10-3

-6.561 x 10-3

-2.825 x 10-2

-5.475 x 10-2

-8.298 x 10-2

-0.107

-0.128

-0.136

-0.128

-0.105

2.343 x 10 -1

1.942 x 10 -1

1.600 × 10-1

7.750 × 10-2

2.034 x 10 -2

7.096 x 10 -3

4,914 x l0 -3

5.410 x 10 -3

5.990 × 10 -3

6.582 x 10 -3

7.019 × 10 -3

7.368 × 10 -3

7.672 x 10 -3

7.866 x 10 -3

7,975 x 10 -3

8.167 × 10 -3

8.281 × 10 -3

8.330 × 10 -3

8.413 × 10 -3

8,417 x l0 -3

8,431 × 10-3

8.404 x l0 -3

8.242 × 10-3

8.146 x 10-3

8.008 x 10-3

9.699 x 10-2

1.014 x 10 -1

1.076 x 10 -1

1.142 x 10 -1

1,241 × 10 -1

1.359 x l0 -1

1,443 x 10 -1

1.483 x 10-1

1,485 x l0 -1

1.401 x l0 -1



256

TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

x/L
0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OO0

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

O.86OO

0.8667

0.8733

O.88OO

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

z/L
0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

O.O200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

n/n o

4.716 × 10 -4

4".486 × 10-4

4.272 x 10 -4

4.297 × 10 -4

4.417 × 10 -4

4.717 x 10 -4

5.060 × 10 -4

5.709 x IO -4

7.306 × 10 -4

1.424 × 10 -3

3.357 × 10 -3

5.937 × 10 -3

6.459 × 10 -3

7.133 x 10 -3

6.624 × 10 -3

6.958 × 10 -3

7.219 × IO-3

6.326 x 10 -3

6.352 × 10 -3

5.744 × 10 -3

3.087 x 10 -3

1.124 × 10 -3

4.094 x 10 -4

1.681 x 10 -4

9.905 x 10 -5

7.026 x 10 -5

6.166 × 10 -5

5.769 x 10-5

5.803 x 10 -5

5.669 x 10-5

5.703 x 10 -5

5.759 x l0 -5

5.828 × 10-5

5.829 x 10 -5

5.818 x 10 -5

5.810 x 10 -5

u/Vco

9.576 x 10 -z

0.116

0.128

0.123

0.113

8.911 × 10 -2

5.575 x 10 -2

-4.805 x 10 -3

-9.569 × 10 -2

-0.198

-0.243

-0.238

-0.194

-0.142

-7.384 x 10 -2

-2.278 × 10-3

7.728 x I0 -2

0.144

0.196

0.242

0.260

0.279

0.290

0.288

0.258

0.215

0.171

0.139

0.119

0.107

9.983 x 10-2

9.555 x 10-2

9.348 × 10 -2

9.232 × 10 -2

9.135 x 10-2

9.154 x 10-2

w/Voo

-7.402 x 10 -2

-4.254 × 10-2

-6.521 × 10 -3

1.897 x 10 -2

3.138 x 10 -2

3.367 × 10 -2

3.127 x 10 -2

4.670 × 10 -2

8.936 × 10 -2

0.156

0.196

0.218

0.222

0.224

0.223

0.224

0.226

0.220

0.221

0.215

0.193

0.166

0.139

0.115

9.564 x 10 -2

8.395 x 10 -2

7.207 x 10-2

6.212 × 10-2

5.650 × 10-2

4.857 × 10-2

4.405 x 10-2

4.086 × 10-2

3.885 x 10 -2

3.672 x 10 -2

3.445 × 10 -2

3.248 × 10 -2

nkT/pocV 2
¢X)

1.291 × 10-1

1.168 × 10 -1

1.064 × 10 -1

1.037 × 10-1

1.023 × 10-1

1.062 × 10-1

1.091 × 10-1

1.121 × 10-1

1.142 x 10-1

1.119 x 10 -1

8.882 x 10 -2

1.044 x 10 -1

1.188 x 10-1

1.516 x 10-1

1.421 × 10 -1

1.641 x 10 -1

1.559 × 10 -1

1.301 x 10-1

1.136 x 10-1

9.516 x 10-2

5.129 x 10-2

1.849 x 10-2

7.820 x 10-3

5.077 × 10-3

5.778 x 10-3

6.460 x 10 -3

7.037 x 10 -3

7.391 x 10 -3

7.807 x 10 -3

7.903 x 10 -3

8.071 × 10 -3

8.253 x 10 -3

8.389 x 10 -3

8.475 x 10-3

8.542 x 10-3

8.557 x 10-3
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TableA.2: Flow field variablesonsymmetryplane,finegrid
(continued).

x/L
0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

O.68OO

O.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.780(}

0.7867

0.7933

0.8000

0.8067

0.8133

O.82O0

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

z/L n/n o

0.0200 5.784 x 10 -5

O.02O0

0.0200

0.0200

0.020O

0.0267

O.O267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.O267

O.O267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

5.729 x 10-5

5.635 x 10-5

5.547 x 10-5

5.458 x 10-5

2.750 x 10-4

2.768 x 10-4

2.860 × 10-4

2.983 × 10 -4

3.171 × 10 -4

3.452 x 10 -4

3.805 x 10 -4

4.230 × 10 -4

4.523 x 10 -4

4.560 x 10 -4

4.437 x 10 -4

4.189 × 10 -4

3.988 x 10 -4

4.007 x 10 -4

4.161 x 10 -4

4.673 x 10 -4

5.615 x 10 -4

7.775 x 10 -4

1.441 x 10-3

2.883 x 10-3

4.799 x 10-3

5.879 × 10-3

6.082 x 10 -3

6.097 x 10 -3

6.413 x 10 -3

6.203 x 10 -3

6.002 x 10 -3

6.263 x 10 -3

5.935 × 10 -3

5.726 x 10 -3

4.549 x 10 -3

u/Veo

9.134 x 10 -2

9.279 x 10-2

9.492 x 10-2

9.828 x 10 -2

0.100

-9.852 x 10-2

-9.542 x 10 -2

-9.054 x 10 -2

-8.412 × 10 -2

-6.689 x 10 -2

-3.798 x 10 -2

-1.106 x 10 -2

1.492 x 10 -2

3.995 x 10 -2

6.382 x 10 -2

8.399 x 10 -2

0.104

0.112

0.101

7.786 x l0 -2

3.957 x l0 -2

-1.583 x 10-2

-9.793 x 10-2

-0.185

-0.231

-0.237

-0.216

-0.168

-0.118

-6.311 x 10 -2

8.122 x l0 -5

6.413 x 10 -2

0.122

0.171

0.220

0.243

w/Voo

2.997 x 10 -2

2.753 x 10 -2

2.520 x 10 -2

2.188 x 10 -2

1.824 x 10 -2

9.317 x 10 -4

-2.088 x 10.2

-4.809 x 10.2

-8.188 x 10 -2

-0.118

-0.156

-0.180

-0.189

-0.173

-0.143

-0.101

-5.512 x 10 -2

-1.182 x 10 -2

2.416 x 10-2

4.617 x 10 .2

5.471 x 10-2

6.681 x 10-2

0.105

0.165

0.203

0.221

0.234

0.232

0.232

0.233

0.231

0.230

0.233

0.231

0.232

0.219

8.515 x 10-3

8.423 x 10-3

8.352 x 10-3

8.265 x 10 -3

9.278 x 10-2

9.603 x 10-2

1.020 x 10-1

1.082 x 10-1

1.159 x 10-1

1.225 x 10-1

1.291 x 10 -1

1.328 x 10 -1

1.319 x 10 -1
1.247 x 10 -1

1.148 x 10 -1

1.057 x 10 -1

9.735 x 10 -2

9.634 x 10 -2

9.886 x 10 -2

1.063 x 10 -1

1.157 x l0 -1

1.245 x 10 -1

1.218 x 10 -1

8.842 x 10 -2

7.498 x 10 -2

7.956 x 10 -2

9.469 x 10 -2

1.035 x 10 -1

1.171 x 10-1

1.194 x 10 -1

1.073 x 10 -1

1.056 x 10 -1

9.094 x 10 -2

7.610 x 10 -2

6.243 x 10 -2
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.68OO

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

z/L
0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0333

0.0333

O.O333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.O333

n/no

2.529 × 10 -3

1:213 × 10-3

5.398 × 10-4

2.582 × 10-4

1.411 x 10-4

9.761 x 10-5

7.673 x 10 -5

6.952 x l0 -5

6.457 x 10 -5

6.280 x 10-5

6.157 x 10-5

6.065 × 10-5

6.042 x 10-5

6.043 x 10-5

6.010 x 10-_

5.968 × 10-5

5.909 × 10 -5

5.805 × 10-5

5.709 × 10 -5

5.630 x 10 -5

2.570 x 10 -4

2.574 × 10 -4

2.609 x 10 -4

2.686 x 10 -4

2.864 x 10 -4

3.123 × 10 -4

3.441 x 10-4

3.917 x 10 -4

4.242 x 10 -4

4.303 x 10 -4

4.149 x 10 -4

3.837 x 10 -4

3.663 x 10 -4

3.661 x 10 -4

4.039 x 10 -4

4.933 x 10-4

u/V_

0.260

0.276

0.288

0.288

0.273

0.240

0.200

0.165

0.143

0.130

0.120

0.112

0.110

0.109

0.107

0.107

0.107

0.109

0.111

0.113

-5.601 × 10 -2

-5.641 x 10 -2

-5.458 × 10 -2

w/Voo

0.199

0.178

0.157

0.138

0.120

0.106

9.349 × 10 -2

8.234 x 10 -2

7.168 x 10 -2

6.446 x 10-2

5.802 x 10-2

5.382 × 10-2

5.137 × 10-2

4.836 x 10-2

4.548 × 10-2

4.226 x l0 -2

3.884 x 10 -2

3.626 x 10 -2

3.323 × 10 -2

2.961 x 10 -2

-8.112 x 10 -3

-3.452 × 10 -2

-6.990 × 10 -2

nkT/pc_V2_

3.493 x 10-2

1.666 × 10 -2

8.175 × 10 -3

5.898 × 10 -3

5.969 × 10 -3

6.736 × 10 -3

7.376 × 10 -3

7.857 x 10 -3

7,993 × 10-3

8.117 × 10-3

8.298 x 10-3

8.370 x 10 -3

8.454 x 10 -3

8.615 × 10-3

8.607 x 10-3

8.607 x 10-3

8.595 x 10 -3

8.485 x 10 -3

8.403 x 10-3

8.341 × 10-3

8.987 x 10-2

9.289 x 10 -2

9.623 x 10-2

-4.921 × 10-2

-3.460 × 10-2

-1.411 x 10 -2

1.822 × 10-3

1.898 × 10 -2

3.532 × 10 -2

5.366 x 10 -2

6.670 x 10 -2

-0.113

-0.157

-0.203

-0.232

-0.238

-0.214

-0.176

-0.128

9.985 x 10-2

1.049 × 10-1

1.100 × 10 -1

1.114 x 10 -1

1.140 x 10 -1

1.129 x 10 -1

1.067 × 10 -1

9.915 x 10 -2

7.837 x 10-2

7.727 x 10-2

5.794 x 10-2

2.313 × 10-2

-2.869 × l0 -2

-6.875 x 10-2

-1.255 × 10 -2

3.367 × 10 -2

6.516 × 10 -2

8.940 × 10-2

9.192x 10-2

8.681× 10-2

8.638× 10-2

9.338× 10-2

1.030× I0-I





x/L
0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.820O

0.8267

O.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

Table A.2: Flow field variables on symmetry plane, fine grid

(continued).
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z/L
0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.0333

0.0333

0.0333

0.0333

0.0333

0.0400

n/no

7.111 x 10 -4

1:351 x 10 -3

2.572 x 10-3

3.822 x 10-3

5.268 x 10-3

5.455 × 10-3

5.562 x 10-3

5.666 × 10 -3

5.757 x 10 -3

5.777 x 10 -3

5.711 x 10 -3

5.533 × 10 -3

5.666 x 10 -3

5.450 x 10 -3

5.073 × 10 -3

3.482 × 10 -3

2.122 x 10 -3

1.173 × 10 -3

6.129 × 10 -4

3.260 × 10 -4

1.845 x 10 -4

1.220 x 10 -4

9.430 × 10 -5

7.762 × 10 -5

6.980 × 10 -5

6.676 × 10 -5

6.279 x 10 -5

6.280 × 10 -5

6.222 × 10 -5

6.214 x 10 -5

6.145 × 10 -5

6.082 × 10 -5

5.985 × 10-5

5.875 × 10-5

5.811 × l0 -5

2.457 × l0 -4

u/Vo_

-9.980 × 10 -2

-0.171

-0.217

-0.231

-0.225

-0.194

-0.146

-9.270 × 10-2

-5.274 × 10-2

1.072 x 10.4

5.030 x 10.2

9.285 x 10 -2

0.147

0.195

0.228

0.244

0.260

0.274

0.284

0.287

0.278

0.252

0.215

0.184

0.162

0.147

0.132

0.127

0.124

0.122

0.120

0.120

0.121

0.122

0.123

-1.586 x lO-2

w/Voo

0.119

0.172

0.210

0.225

0.237

0.243

0.243

0.241

0.241

0.242

0.243

0.239

0.244

0.242

0.237

0.221

0.204

0.186

0.169

0.154

0.139

0.126

0.112

9.798 × 10-2

8.732 × 10-2

7.923 x 10 -2

7.135 x 10 -2

6.773 x 10 -2

6.378 x 10 -2

5.996 x 10 -2

5.598 x 10 -2

5.234 x 10 -2

4.890 × 10 -2

4.577 x 10 -2

4.217 x 10 -2

-1.472 x 10-2

nkT/PcoV

1.178 x 10-1

1.267 x 10-1

9.418 × 10-2

6.277 x 10 -2

6.543 x 10 -2

6.844 x 10 -2

7.575 × 10 -2

8.057 × 10 -2

8.893 × 10 -2

8.841 x 10 -2

8.767 × 10-2

8.026 × 10-2

7.565 × 10-2

6.771 × 10-2

6.083 × 10-2

4.153 × 10 -2

2.517 × 10 -2

1.394 × 10 -2

7.943 × 10 -3

5.810 x 10 -3

5.815 × 10 -3

6.881 × 10-3

7.702 x 10-3

7.733 × 10-3

7.953 x 10-3

8.087 x 10-3

8.104 × 10-3

8.282 × 10-3

8.394 × 10-3

8.505 × 10-3

8.540 × 10 -3

8.544 × 10-3

8.488 × 10 -3

8.389 x 10 -3

8.358 × 10 -3

8.788 × 10 -2
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.74OO

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.82OO

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

z/L
0.0400

0.O4OO

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.040O!

0.0400'

0.0400

0.0400

0.O4OO

0.0400

0.0400i

O.O40O

0.0400

0.0400

0.0400[

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.04001

0.0400

O.04OO

0.0400

0.0400

0.O4OO

0.0400

0.0400

O.O4OO

n/no

2.447 x 10-4

2:463 x 10-4

2.526 x 10-4

2.693 x 10-4

2.944 x 10-4

3.233 x 10-4

3.702 x 10-4

4.071 x 10-4

4.145 x 10-4

3.919 x 10-4

3.621 x 10-4

3.411 x 10-4

3.620 x 10-4

4.237 x 10-4

6.230 x 10-4

1.105 x 10-3

2.245 x 10-3

3.263 x 10-3

4.151 x 10-3

5.092 x 10-3

5.170 x 10-3

5.280 x 10-3

5.212 x l0 -3

5.195 x l0 -3

5.345 x 10-3

5.337 x 10 -3

5.126 × 10 -3

5.217 x 10 -3

4.888 x 10 -3

4.755 x 10 -3

3.861 x 10 -3

2.702 x l0 -3

1.793 x l0 -3

1.103 x 10 -3

6.396 x 10 -4

3.798 x 10 -4

u/Vo_

-1.841 x 10 -2

-1.848 x 10 -2

-1.714 x 10 -2

-1.130 × 10 -2

5.838 × l0 -4

1.192 × 10 -2

2.117 × l0 -2

3.320 × 10 -2

4.222 x l0 -2

4.658 × 10 -2

4.724 × l0 -2

3.401 × 10-2

-2.252 × 10 -4

-4.650 × 10 -2

-0.105

-0.165

-0.201

-0.222

-0.224

-0.211

-0.175

-0.131

-8.582 x 10-2

-4.514 x 10 -2

4.404 x 10-5

4.349 x 10-2

8.156 × 10-2

0.130

0.172

0.208

0.228

0.245

0.259

0.271

0.281

0.285

w/V_

-4.450 x 10 -2

-8.672 x 10 -2

-0.140

-0.196

-0.249

-0.280

-0.279

-0.248

-0.202

-0.145

-7.366 × 10 -2

-4.502 x 10 -3

5.553 x 10-2

9.505 x 10-2

0.131

0.176

0.213

0.229

0.239

0.253

0.254

0.254

0.253

0.253

0.254

0.254

0.256

0.254

0.256

0.256

0.238

0.223

0.207

0.192

0.179

0.165

nkT/Pc_V_

8.961 × 10 -2 "

9.187 × 10 -2

9.502 x 10 -2

9.942 × 10 -2

1.014 x 10 -1

1.001 × 10 -1

9.917 × 10 -2

9.767 × 10 -2

9.273 × 10 -2

8.610 x 10 -2

8.075 × 10 -2

7.795 x 10 -2

8.104 x l0 -2

8.713 × 10 -2

1.029 × 10 -1

1.115 × 10 -1

1.033 × 10 -1

6.170 x 10 -2

4.832 × 10 -2

5.640 x 10 -2

5.997 x 10 -2

6.525 x 10 -2

6.401 × 10 -2

6.827 x 10 -2

7.101 x 10 -2

7.019 x 10 -2

6.287 x 10 -2

6.474 x 10 -2

5.742 x 10 -2

5.386 × 10 -2

4.086 × 10 -2

2.851 x 10 -2

1.881 x 10-2

1.156 × l0 -2

7.129 × 10 -3

5.664 x l0 -3
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

O.9600

0.9667

0.9733

0.9800

O.9867

O.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

z/L
0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

O.O467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

n/no

2.233 x 10 -4

1.486 x 10 -4

1.032 x 10 -4

8.555 x 10 -5

7.472 × 10 -5

6.837 × 10 -5

6.686 × 10 -5

6.471 x 10-5

6.439 x 10 -5

6.353 x 10-5

6.251 x 10 -5

6.146 x 10 -5

6.041 x 10 -5

5.965 × 10 -5

2.382 x 10 -4

2.368 x 10 -4

2.406 x 10 -4

2.501 x 10 -4

2.639 x 10 -4

2.898 x 10 -4

3.279 x 10 -4

3.728 x 10 -4

4.164 x 10-4

4.136 x 10-4

3.912 x 10-4

3.591 x l0 -4

3.501 x l0 -4

3.840 x 10-4

5.201 x 10 -4

9.277 x 10 -4

1.873 x 10 -3

2.916 x 10 -3

3.407 x 10 -3

4.108 x 10-3

4.817 x 10-3

4.958 x l0 -3

u/Voo

0.279

0.258

0.232

0.201

0.176

0.155

0.147

0.138

0.135

0.132

0.131

0.131

0.132

0.133

2.112 x 10 -2

1.640 x 10 -2

9.006 x 10 -3

w/V_

0.153

0.141

0.127

0.113

0.102

9.137 x 10 -2

8.562 x 10 -2

7.954 x 10 -2

7.518 x 10 -2

7.048 x 10 -2

6.601 x 10 -2

6.271 x 10-2

5.891 x 10-2

5.520 x 10-2

-1.362 x l0 -2

-4.811 × 10 -2

-9.753 × 10 -2

nkT/pooV _
_3

5.516 × 10 -3

6.812 x 10 -3

7.004 × 10 -3

7.682 x 10 -3

7.791 x 10-3

7.879 x 10-3

8.057 x 10-3

8.189 x 10-3

8.330 × 10-3

8.427 x 10-3

8.464 × 10-3

8.375 x 10-3

8.314 x 10-3

8.299 × 10-3

8.621 x 10 -2

8.785 x 10-2

9.049 x 10-2

3J172 x 10-5

1.765 × 10 -4

4.137 x 10-3

1.052 × 10-2

1.997 × 10-2

2.735 x 10-2

3.434 x 10-2

3.328 × 10-2

-0.156

-0.215

-0.261

-0.291

-0.288

-0.262

-0.214

-0.148

9.477 x 10 -2

9.794 × 10 -2

9.955 x 10 -2

1.001 x 10 -1

9.744 x 10 -2

9.261 x 10 -2

8.569 x l0 -2

8.138 × 10 -2

2.058 × 10-2

-7.267 x 10-3

-5.578 × 10-2

-0.Ili

-0.160

-0.191

-0.208

-0.220

-0.213

-0.191

-0.154

-6.626 x 10 -2

1.410 x 10 -2

8.763 x 10-2

0.139

0.181

0.216

0.233

0.241

0.253

0.270

0.268

7.719 x 10-2

7.564 x 10-2

7.696 x 10-2

8.609 x 10-2

9.851 x l0 -2

1.011 × 10 -1

7.349 x 10 -2

4.253 × 10 -2

4.235 × 10 -2

5.032 × 10 -2

5.384 x 10-2
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TableA.2:Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L z/L

0.8133 0.0467

0.8200 0.0467

0.8267 0.0467

0.8333 0.0467

0.8400 0.0467

0.8467 0.0467

0.8533 0.0467

0.8600 0.0467

0.8667 0.0467

0.8733 0.0467

0.8800 0.0467

0.8867 0.0467

0.8933 0.0467

0.9000 0.0467

0.9067 0.0467

0.9133 0.0467

0.9200 0.0467

0.9267 0.0467

0.9333 0.0467

0.9400 0.0467

0.9467 0.0467

0.9533 0.0467

0.9600 0.0467

0.9667 0.0467

0.9733 0.0467

0.9800 0.0467

0.9867 0.0467

0.9933 0.0467

1.O000 0.0467

0.6667 0.05331

0.6733 0.0533

0.6800 0.0533

0.6867 0.0533

0.6933 0.0533

0.7000 0.0533

0.7067 0.0533

n/no

4.983 × 1_

4.939 x 10-3

5.031 × 10-3

4.919 × 10-3

5.056 x 10-3

4.914 × 10-3

4.852 x 10-3

4.750 x 10 -3

4.775 x 10 -3

4.020 x 10 -3

2.982 × 10 -3

2.194 × 10 -3

1.534 x 10 -3

1.024 × 10 -3

6.542 × 10 -4

4.076 x 10 -4

2.598 × 10 -4

1.705 × 10 -4

1.214 x 10 -4

9.353 × 10-5

7.893 x 10-5

7.408 x 10-5

7.041 × 10-5

6.700 × 10-5

6.536 x 10 -5

6.431 × 10 -5

6.294 x 10 -5

6.176 × 10 -5

6.090 × 10 -5

2.402 × lO -4

2.390 x lO -4

2.439 x 10 -4

2.545 × lO-4

2.7t3 x lO-4

2.978 × 10.4

3.407 x 10-4

u/V_o
-0.118

-8.320 × 10-2

-3.843 x 10 .2

-3.786 x 10 .4

4.043 x 10 .2

8.480 x 10 -2

0.119

0.157

0.195

0.214

0.231

0.245

0.258

0.269

0.278

0.282

0.277

0.263

0.239

0.213

0.187

0.171

0.158

0.150

0.146

0.143

0.141

0.141

0.141

6.222 × 10 -2

5.020 x 10-2

3.581 x 10.2

2.048 x 10.2

9.977 x 10.3

3.646 x 10-3

5.893 x 10-3

w/V_

0.265

0.265

0.266

0.264

0.265

0.264

0.265

0.267

0.267

0.253

0.238

0.224

0.211

0.197

0.185

0.175

0.165

0.155

0.142

0.127

0.114

0.105

9.780 x 10 -2

9.123 x 10 -2

8.567 x 10 .2

8.061 x 10 -2

7.617 x 10 -2

7.230 x 10 -2

6.840 x 10-2

-8.997 x 10 -3

-4.583 x 10-2

-9.494 x 10.2

-0.156

-0.221

-0.274

-0.302

5.947 x 10 -2

6.012 x 10 -2

5.938 x 10 -2

5.967 x 10 -2

5.820 x 10-2

5.422 x 10-2

5.178 x 10-2

4.925 x 10-2

4.008 x lO-2

2.861 x lO-2

2.078 x 10-2

1.440 × 10-2

9.581 × lO-3

6.546 x 10-3

5.284 × 10 -3

5.588 x 10 -3

6.336 x 10 -3

7.096 x 10 -3

7.364 x 10 -3

7.534 x 10 -3

7.816 x 10 -3

8.031 x 10 -3

8.093 × 10-3

8.181 x 10-3

8.255 × lO-3

8.193 × 10-3

8.156 x 10-3

8.163 x 10 -3

8.799 x 10 -2

9.007 x 10 -2

9.338 x 10 -2

9.774 x 10 -2

1.018 × 10 -1

1.038 x lO -1

1.034 x 10 -1



x/L
0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

O.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

O.84OO

0.8467

0.8533!

0.86001

0.8667

0.8733 i

O.880O

0.8867

O.8933

O.9O00

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

263

Table A.2: Flow field variables on symmetry plane, fine grid

(contimmd).

z/L
0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

n/no

4.000 × 10-4

4.412 x 10-4

4.398 × 10 -4

4.045 x 10 -4

3.737 x 10 -4

3.736 x 10 -4

4.573 x 10 -4

7.314 x 10 -4

1.496 x 10 -3

2.592 x 10 -3

3.030 x 10-3

3.312 x 10-3

3.927 x 10-3

4.748 x 10-3

4.748 x 10-3

4.851 x 10-3

4.820 x 10-3

4.846 x l0 -3

4.828 x 10-3

4.720 x l0 -3

4.795 x 10-3

4.622 x 10 -3

4.471 x 10 -3

4.655 x 10 -3

3.935 x 10 -3

3.050 x 10 -3

2.357 x 10 -3

1.820 × 10 -3

1.318 × 10 -3

9.437 × 10 -4

6.379 x 10 -4

4.235 × 10-4

2.796 × 10-4

1.889 × 10-4

1.299 × 10 -4

1.002 x l0 -4

2.231 × 10-2

2.537 × 10-2

2.128 × 10 -2

-2.120 x 10 -3

-4.574 × 10 -2

-0.106

-0.159

-0.185

-0.198

-0.211

-0.213

-0.200

-0.179

-0.146

-0.117

-6.645 × 10-2

-2.839 × 10 -2

1.813 x 10-3

3.263 x 10-2

6.804 x 10.2

0.118

0.149

0.184

0.200

0.217

0.232

0.245

0.257

0.267

0.275

0.279

0.276

0.264

0.245

0.219

w/V,_

-0.295

-0.262

-0.210

-0.139

-4.485 × 10-2

4.872 x 10-2

0.128

0.180

0.216

0.237

0.244

0.252

0.264

0.279

0.279

0.278

0.277

0.275

0.277

0.275

0.276

0.278

0.278

0.275

0.265

0.251

0.238

0.225

0.213

0.201

0.190

0.181

0.175

0.166

0.152

0.138

nkT/p_V 2

1.003 × 10-1-

9.380 × 10-2

8.876x 10-2

8.230x 10-2

7.922× 10-2

7.442x 10-2

7.591× 10-2

8.073× 10-2

9.099x 10-2

7.760x 10-2

4.602x 10-2

3.308x 10-2

3.766 x 10-2

4.807 x 10-2

4.889 x 10 -2

5.301 × 10 -2

5.331 × 10 -2

5.337 × 10 -2

5.278 × 10 -2

5.214 × 10 -2

5.275 x 10 -2

5.017 × 10 -2

4.599 × 10 -2

4.637 × 10 -2

3.740 x 10 -2

2.761 × 10 -2

2.069 × 10 -2

1.569 × 10 -2

1.129 x 10 -2

8.024 × 10 -3

5.723 × 10 -3

4.898 × 10 -3

5.072 x 10 -3

6.068 × 10 -3

6.755 × 10-3

7.253 × 10-3
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L z/L
0.9533 0.0533

0.9600 0.0533

0.9667 0.0533

0.9733 0.0533

0.9800 0.0533

0.9867 0.0533

0.9933 0.0533

1.0000 0.0533i

0.6667 0.0600

0.6733 l 0.0600

0.6800 0.0600

0.6867 0.0600

0.6933 0.06001

0.7000 0.0600

0.7067 0.0600

0.7133 0.0600

0.7200 0.0600

0.7267 0.0600

0.7333 0.0600

0.7400 0.0600

0.7467 0.0600

0.7533 0.0600

0.7600 0.0600

0.7667 0.0600

0.7733 0.0600

0.7800 0.0600

0.7867 0.0600

0.7933 0.0600

0.8000 0.0600

0.8067 0.0600

0.8133 0.0600

0.8200 0.0600

0.8267 0.0600

0.8333 0.0600

0.8400 0.0600

0.8467 0.0600

n/n o

8.548x 10-5

7.663x 10-5

7.028x 10-5

6.839x 10-5

6.622x 10-5

6.468x 10-5

6.306x 10-5

6.202 x 10-5

2.407 × 10-4

2.421 x 10-4

2.484 x lO-4

2.623 x lO-4

2.837 x 10-4

3.162 x 10-4

3.684x 10-4

4.348x 10-4

4.868x lO-4

4.833x 10-4

4.443x 10-4

4.126× 10-4

4.472 x 10-4

6.263 × 10 -4

1.136 x 10 -3

2.149 x 10 -3

2.825 × 10 -3

2.864 × 10 -3

3.090 × 10 -3

3.752 × 10 -3

4.510 x 10 -3

4.578 x 10 -3

4.604 × 10 -3

4.625 × 10 -3

4.627 × 10 -3

4.609 × 10 -3

4.635 x 10 -3

4.354 x 10 -3

u/Vo¢

0.196

0.178

0.166

0.160

0.155

0.152

0.150

0.149

0.104

8.457 x 10-2

6.089 × 10-2

w/Vc_

0.126

0.116

0.108

0.102

9.557 × 10 -2

9.053 x 10-2

8.571 x 10-2

8.156 × 10-2

1.134 x 10-3

-3.456 x 10 -2

-8.357 x 10-2

nkT/PooV 2

7.537x 10 -3

7.742 x 10 -3

7.813 x 10 -3

7.901 x 10 -3

7.950 × 10 -3

7.949 x 10 -3

7.947 x 10 -3

7.980 x 10 -3

8.973 x 10 -2

9.269 x 10 -2

9.709 x 10 -2

3.491 x 10-2

1.331 x 10-2

1.401 x 10-3

1.534 x 10-3

4.674 x 10-3

1.479 x 10-2

1.682 x 10-2

6.012 x 10 -3

-2.506 x 10-2

-7.907 x 10-2

-0.146

-0.214

-0.270

-0.301

-0.288

-0.252

-0.196

-0.115

-1.343 x 10-2

9.257 x 10-2

1.038 x 10 -1

1.101 x 10 -1

1.126 x 10 -1

1.132 x 10 -1

1.085 x 10 -1

1.025 x 10 -1

9.564 × 10 -2

8.990 × 10 -2

8.421 x 10-2

8.120 x 10-2

-0.144

-0.180

-0.192

-0.202

-0.210

-0.203

-0.186

-0.166

-0.137

-0.105

-6.068 x 10-2

-2.816 x 10-2

1.495 x 10-3

2.999 x 10-2

6.046 x 10.2

0.172

0.215

0.238

0.248

0.253

0.262

0.275

0.287

O.288

0.288

0.285

0.284

0.284

0.285

0.287

7.780 x 10-2

7.678 x 10-2

7.545 x 10-2

5.227 x 10-2

3.073 x 10-2

2.780 × 10-2

3.406 x 10-2

4.391 x 10 -2

4.542 x 10 -2

4.837 × 10 -2

4.810 x 10 -2

4.801 x lO -2

4.779 × i0 -2

4.831 x 10 -2

4.586 x 10-2
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467
0.9533

O.96OO

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

O.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

O.7467

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0667

0.0667

0.0667

0.0667

O.0667

0.0667

0.0667

0.0667

0.0667

0.0667

O.O667

O.0667

0.0667

n/no

4.538 x 10-a

4.271 x 10 -3

4.149 x 10 -3

3.763 x 10 -3

3.054 x 10 -3

2.408 × 10 -3

1.935 × 10 -3

1.532 × 10 -3

1.157 × 10 -3

8.517 x 10 -4

6.149 x 10 -4

4.277 × 10 -4

3.019 x 10-4

2.075 x 10-4

1.442 × 10 -4

1.107 x 10 -4

8.989 × 10 -5

7.875 x 10 -5

7.417 × lO -5

6.855 × 10 -5

6.617 × 10 -5

6.443 × 10 -5

6.326 x 10 -5

2.440 × 10 -4

2.465 × 10-4

2.589 × 10-4

2.798 x 10 -4

3.049 × 10-4

3.414 × 10-4

4.008 x 10 -4

4.883 x 10 -4

5.559 x 10 -4

5.477 × 10 -4

5.001 x 10 -4

4.898 × 10 -4

5.836 x 10-4

u/V_

0.108

0.136

0.165

0.186

0.204

0.220

0.234

0.245

0.256

0.265

0.273

0.277

0.274

0.264

0.247

0.224

0.203

0.186

"0.176

0.166

0.162

0.158

0.156

0.148

0.122

9.085 x 10-2

5.576 x 10-2

2.300 x 10 -2

-3.574 x 10 -4

-7.315 x 10 -3

-1.249 x 10 .3

5.775 x 10 -3

7.155 x 10.3

-5.549 x 10.3

-4.830 x 10-2

-0.111

• w/Vo_ nkT/p_V a
"X3

0.288

0.287

0.275

0.263

0.250

0.238

0.226

0.215

0.204

0.194

0.187

0.181

0.174

0.162

0.149

0.137

0.126

0.118

0.110

0.104

9.917 x lO-2

9.487 x 10-2

1.564 x 10 -2

-1.549 × 10 -2

-6.056 x 10 -2

-0.124

-0.194

-0.252

-0.288

-0.278

-0.239

-0.176

-8.651 x lO -2

2.660 x 10 -2

0.287

0.137

4.738 x 10 -2

4.290 x 10 -2

4.094 x 10 -2

3.420 × 10 -2

2.638 x 10 -2

1.992 × 10 -2

1.550x 10-2

1.216× 10-2

9.045x 10-3

6.659x 10-3

5.038x 10-3

4.332× 10-3

4.923× lO-3

5.776x 10-3

6.541× 10-3

7.138x 10-3

7.333× lO-3

7.471× 10-3

7.642 × 10 -3

7.613 × 10-3

7.597 x 10 -3

7.668 x 10 -3

7.762 × 10 -3

9.231 x 10 -2

9.607 × 10 -2

1.037 x 10-1

1.138 x 10-1

1.219 × 10-1

1.257 x 10-1

1.253 x 10-1

1.234 x 10-1

1.161 x 10 -1

1.084 x 10 -1

1.006 x 10 -1

9.550 x 10 -2

8.759 x 10 -2
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0,8467

O.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0,8933

0.9000

0.9067

0.9133

0,92OO

0.9267

0.9333

O.9400

O,9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

z/L

[.731

2.557

2.639

2,609

2.926

3.571

4,270

4.345

4.428

4.356

4.311

4.320

4.299

4.349

4.213

4.225

4,170

3.617

2.938

2.440

1.980

1.625

1.318

1.013

7.738

5.783

4.302

3.134

2.243

1.576

1.144

9.411

8.118

7.309

6.846

0.0667

0.0667

0.0667

0.0667

0.0667

O.O667

0.0667

0.0667

0.0667

0.0667

0.0667

0,0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0,0667

0.0667

0,0667

0.0667

n/no

9.322 x 10 -4

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -4

x 10 -4

x 10 .4

x 10 .4

x 10 -4

x 10 .4

x 10 -4

x 10-5

x 10 .5

x 10-5

x 10-5

u/V_

-0.165

-0.187

-0.194

-0.203

-0.204

-0.192

-0.174

-0.152

-0.127

-0.100

-5.423 x 10 -2

-2.654 × 10 -2

-1.466 x 10 -3

2.566 x 10 .2

5.429 x 10 -2

9.918 x 10 .2

0.123

0.152

0.174

0.192

0.2O8

0.222

0.235

0,246

0.255

0.264

0.270

0.274

0.272

0.264

0.247

0,228

0.206

0.190

0.179

0.173

w/V_

0.207

0.237

0.250

0.256

0.262

0.272

0.283

0.295

0.298

0.298

0.297

0.295

0.294

0.296

0.296

0.297

0.300

0.295

0.284

0.272

0.261

0.250

0.238

0.228

0.217

0.207

0.198

0.192

0.187

0.181

0.171

0.159

0.145

0.135

0.126

0.118

nkT/poeVL

7.800 x 10 -2

7.147 x 10 -2

5.757 x 10 -2

3.350 x 10 -2

2.350 x 10 -2

2.483 x 10 -2

3.126 x 10 -2

3.978 x 10 -2

4.150 x 10 -2

4,516 x 10 -2

4.297 x 10 -2

4.277 x 10 -2

4.286 x 10 -2

4.286 x 10 .2

4.3O3 x 10 .2

4.282 x 10.2

4.075 x 10 .2

3.877 x i0 .2

3.149 x 10 .2

2.430 x 10 -2

1.935 x 10 .2

1.516 x 10 .2

1.205 x 10 -2

9.635 x 10 .3

7.323 x 10 .3

5.564 x 10 .3

4.314 x 10 -3

4.030 x 10 .3

4.549 x 10 -3

5.661 x 10 -3

6.606 x 10 -3

6.829 × 10 -3

7.184 x 10 -3

7.251 x 10 -3

7.229 x 10 -3

7.228 x 10 -3
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8O0O

O.8O67

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

z/L
0.0667

0.0667

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

n/no

6.686 x 10 -5

6.516 x 10 -5

2.500 x 10 -4

2.547 x 10-4

2.703 x 10 -4

2.959 x 10 -4

3.272 x 10 -4

3.680 x 10 -4

4.373 x 10 -4

5.489 x 10 -4

6.325 x 10 -4

6.356 x 10 -4

5.856 x 10 -4

6.082 x 10 -4

8.084 x 10-4

1.410 x 10-3

2.280 x 10-3

2.523 x 10 -3

2.338 x 10 -3

2.419 x 10 -3

2.830 x 10 -3

3.363 x 10 -3

3.975 x 10 -3

4.193 x 10-3

4.259 x 10-3

4.210 x 10-3

4.153 x 10-3

4.120 x 10 -3

4.136 x 10 -3

4.075 x 10 -3

4.147 x 10 -3

3.907 x 10 -3

3.914 x 10 -3

3.346 x 10-3

2.819 x 10-3

2.354 x 10 -3

u/V_o

0.168

0.164

0.199

0.167

0.128

8.168 × 10-2

3.572 x 10-2

1.283 x 10 -3

-1.402 x 10 -2

-1.003 x l0 -2

-1.286 x 10-4

-2.938 x 10-4

-2.093 x 10 -2

-6.817 x 10-2

-0.133

-0.173

-0.I88

-0.195

-0.202

-0.196

-0.181

-0.162

-0.142

-0.120

-9.231 x 10 -2

-5.238 x l0 -2

-2.280 × l0 -2

-3.032 × l0 -4

2.495 x 10 -2

5.249 x l0 -2

9.412 × 10 -2

0.120

0.141

0.163

0.182

0.197

w/V_

0.114

0.108

3.425 × 10-2

8.084 × 10-3

-2.950 × 10 -2

-8.791 x 10 -2

-0.160

-0.230

-0.272

-0.265

-0.226

-0.154

-5.295 × 10 -2

6.977 x 10.2

0.179

0.232

0.252

0.258

0.262

0.270

0.280

0.290

0.301

0.307

0.307

0.305

0.305

0.305

0.304

0.306

0.307

0.308

0.301

0.290

0.280

0.270

nkT/pooV 2
:)G

7.363 × 10-3

7.512 x 10-3

9.559 x 10-2

1.007 x 10 -1

1.113 × 10 -1

1.255 x 10 -1

1.378 x 10 -1

1.419 × 10 -1

1.437 × 10 -1

1.415 x 10 -1

1.326 x 10-1

1.249 × l0 -1

1.166 x I0 -1

1.087 x 10-1

9.357 × 10-2

7.724 x 10-2

5.991 x 10-2

3.891 x l0 -2

2.226 x 10 -2

1.958 × l0 -2

2.285 x 10 -2

2.832 × 10 -2

3.528 × 10 -2

3.952 x 10-2

4.188 × 10-2

4.006 x 10-2

3.945 x 10-2

3.914 × 10 -2

3.926 x 10 -2

3.862 × 10 -2

4.093 x l0 -2

3.690 x 10-2

3.472 × 10-2

2.814 × 10-2

2.243 × 10 -2

1.783 × 10-2



TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).
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x/L
0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

z/L
0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.O733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

n/no

1.992 × 10 -3

1.653 x 10 -3

1.380 x 10 -3

1.137 x 10 -3

9.004 × l0 -4

7.048 x l0 -4

5.415 x 10 -4

4.170 x 10 -4

3.190 x 10 -4

2.306 × 10 -4

1.644 x 10 -4

1.198 x 10-4

9.658 x l0 -5

8.158 × 10-5

7.383 × 10-5

7.062 x 10-5

6.714 x 10-5

2.564 x 10-4

2.653 x 10-4

2.813 x 10-4

3.097 x 10-4

3.441 x 10-4

3.939 x 10-4

4.880 x 10-4

6.293 x l0 -4

7.376 x 10-4

7.398 x l0 -4

6.981 x l0 -4

8.091 x 10 -4

1.205 x 10 -3

1.902 x l0 -3

2.408 x l0 -3

2.263 x l0 -3

2.100 x 10 -3

2.293 x 10 -3

2.679 x l0 -3

u/Voo

0.212

0.224

0.236

0.246

0.255

0.263

0.269

0.272

0.269

0.26O

O.247

0.229

0.208

0.195

0.186

0.1'_9

0.173

0.259

0.219

0.164

9.853 x 10 -2

4.412 x 10 -2

1.321 x 10 -3

-1.712 x 10-2

--1.825 x 10 -2

-9.368 x 10-3

-7.613 x 10 -3

-3.260 x 10 -2

-8.287 x 10 -2

-0.141

-0.176

-0.188

-0.195

-0.197

-0.187

-0.171

w/Voo

0.259

0.249

0.238

0.228

0.219

0.210

0.202

0.195

0.192

0.187

0.178

0.166

0.153

0.142

0.134

0.128

0.123

5.914 x lO-2

3.433 x 10-2

-5.153 x 10-3

-6.135 × 10 -2

-0.137

-0.209

-0.253

-0.248

-O.207

-0.134

-1.866 x 10 -2

0.111

0.209

0.249

0.260

0.264

0.269

0.277

0.287

nkT/Poo V2

1.463 x 10-2

1.178 x 10-2

9.545 x 10 -3

7.649 x 10 -3

6.024 x 10-3

4.696 x 10-3

3.766 x l0 -3

3.518 × l0 -3

4.271 x 10 -3

5.514 x l0 -3

6.322 x l0 -3

6.688 x 10 -3

7.026 x l0 -3

6.922 x 10 -3

6.924 x 10 -3

7.107 x 10 -3

7.171 x l0 -3

9.832 x 10 -2

1.056 x 10 -1

1.168 x 10 -1

1.336 x 10 -1

1.476 x 10 -1

1.579 x l0 -1

1.670 x 10 -1

1.656 x l0 -1

1.545 x 10 -1

1.454 x l0 -1

1.373 x l0 -1

1.281 x l0 -1

1.034 x 10-1

6.865 × 10 -2

4.510 x l0 -2

2.560 x 10-2

1.701 x 10-2

1.740 × 10-2

2.092 × 10-2



TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).
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x/L
0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

z/L
0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

O.O80O

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

O.O8O0

0.0800

0.0800

0.0867

0.0867

0.0867

0.0867

n/no

3.140 x 10-3

3.564 x 10 -3

3.830 x 10 -3

4.008 x 10 -3

3.980 x 10 -3

3.954 x 10 -3

3.859 × 10 -3

3.990 x 10 -3

3.773 x 10 -3

3.869 x 10 -3

4.051 x 10 -3

3.581 x 10 -3

3.050 × 10-3

2.693 x 10 -3

2.290 x 10 -3

1.958 x 10 -3

1.670 x 10 -3

1.401 × 10 -3

1.194 × 10 -3

9.988 x 10 -4

8.025 x 10 -4

6.347 x 10 -4

5.058 × 10 -4

4.063 x 10 -4

3.131 x 10 -4

2.378 x 10 -4

1.714 × 10 -4

1.229 x 10 -4

1.003 x 10 -4

8.542 × 10 -5

8.175 × 10 -5

7.370 × i0 -5

2.628 × 10 -4

2.759 x 10 -4

2.925 x 10 -4

3.254 x 10 -4

u/Voo
-0.152

-0.132

-0.107

-&679 × 10-2

-5.004 x 10-2

-2.349 × 10-2

-3.901 × 10 -4

2.366 × 10 -2

5.013 × 10 -2

8.707 × 10 -2

0.110

0.132

0.153

0.171

0.188

0.201

0.214

0.226

- 0.236

0.246

0.254

0.262

0.267

0.270

0.266

0.258

0.247

0.227

0.214

0.203

0.197

0.189

0.334

0.285

0.222

0.149

w/Voo

0.296

0.306

0.315

0.316

0.315

0.316

0.315

0.315

0.315

0.316

0.314

0.306

0.296

0.287

0.277

0.267

0.258

0.248

0.238

0.229

0.220

0.212

0.205

0.199

0.196

0.193

0.184

0.172

0.161

0.153

0.148

0.141

8.888 x 10 -2

6.765 x 10 .2

4.039 x 10 .2

-7.878 x 10-3

nkT/Pc_V
X_

2.531 x 10 -2

3.013 x 10-2

3.466 x 10-2

3.768 x 10-2

3.656 x 10 -2

3.627 × 10 -2

3.532 × 10 -2

3.632 x 10 -2

3.478 × 10 -2

3.628 x 10 -2

3.647 x 10-2

3.036 x 10-2

2.471 × l0 -2

2.077 x 10-2

1.687 x 10-2

1.383 × 10 -2

1.140 × 10 -2

9.284 x 10 -3

7.687 × 10 -3

6.298 × 10 -3

5.014 x 10 -3

3.916 x 10 -3

3.279 × 10 -3

3.218 x 10 -3

4.107 x l0 -3

5.227 x l0 -3

5.998 x l0 -3

6.577 x i0 -3

6.747 x 10-3

6.630 x 10-3

6.819 x 10-3

6.791 x 10-3

9.929 × 10-2

1.089 × 10-1

1.218 x 10-1

1.434 × 10 -1



x/L ]

0.69331

0.7000 I

0.7067 I

0.7133 I

0.7200 I

0.7267 I

0.7333 I

0.74001

0.74671

0.7533 I

0.7600]

0.76671

0.7733 J

0.7800]

0.78671

0.7933 I

0.8000 I

0.80671

0.81331

0.8200 I

0.8267 I

0.8333 I

0.8400 I

0.8467 I

0.85331

0.86001

0.8667 I

O.8733]

0.8800 I

0.8867 I

0.8933 I

0.9000 I

0.9067 I

0.9133 I

0.9200 i

0.9267 I
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued),

0.0867

0,0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

O.O867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0,0867

0,0867

0.0867

n/n o

3.636 ×10:4

4.301 × 10 -4

5.370 x 10-4

7.209 × 10-4

8.870 x 10-4

9.030 × 10-4

8.968 × 10-4

1.106 × 10-3

1.701 × 10-3

2.258 x 10-3

2.248 × 10-3

1.961 × 10-3

1.963 x 10-3

2.195 x 10-3

2.514 × 10-3

2.902 x 10-3

3.259 × 10-3

3.706 x 10-3

3.786 x 10-3

3.776 x 10-3

3.787 × 10-3

3.746 × 10-3

3.680 × 10-3

3.797 × 10-3

3.743 × 10-3

3.729 × 10-3

3.277 × 10-3

2.808 × 10-3

2.491 x 10 -3

2.199 x 10 -3

1.897 × 10 -3

1.660 × 10 -3

1.419 × 10 -3

1.210 x 10 -3

1.034 × 10 -3

8.796 × 10 -4

u/Voo

7.462 x 10 -2

1.184 × 10 -2

-2.416 × 10-2

-2.680 x 10-2

-1.901 x 10 -2

-1.802 x 10-2

-4.201 x 10-2

-9.197 x 10-2

-0.143

-0.176

-0.188

-0.194

-0.190

-0.178

-0.162

-0.143

-0.123

-0.101

-7.894 × 10 -2

-5.059 x 10 -2

-2.398 x 10 -2

-2.046 x 10 -3

2.466 x 10 -2

5.022 x 10 .2

8.051 x 10 -2

0.101

0.123

0.144

0.162

0.178

0.192

0.205

0.216

0,227

0,237

0.246

w/V_
-8.301 x 10-2

-0.171

-0.225

-0.229

-0.187

-0.110

1.245 x 10-2

0.147

0.231

0.259

0.266

0.269

0.275

0.283

0.293

0.302

0.310

0.317

0.324

0.324

0.323

0.323

0.324

0.324

0.323

0.317

0.310

0.301

0.292

0.284

0.275

0.266

0.256

0.248

0.239

0.230

nkT/Pcx_V 2

1.637 × 10 -1

1.835 x 10 -1

1.938 x 10 -1

1.977 x 10 -1

1.872 x 10 -1

1.764 x 10 -1

1.659 × 10 -1

1.510 x 10 -1

1.094 x 10 -1

5.826 x 10 -2

3.080 x 10-2

1.746 × 10-2

1.446 x 10-2

1.603 x 10-2

1.888 x 10-2

2.244 × 10-2

2.631 × 10-2

3.164 × 10-2

3.338 × 10-2

3.360 × 10-2

3.377 x 10-2

3.344 x 10-2

3.293 x 10-2

3.379 × 10-2

3.301 x 10-2

3.164 × 10-2

2.642 × 10-2

2.171 × 10-2

1.847 × 10-2

1.577 x 10 -2

1.308 × 10 -2

1.094 x 10-2

9.073 x 10 -3

7.555 x 10 -3

6.275 × 10 -3

5.181 × 10 -3
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

O.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133i

0.7200

0.7267

0.7333

0.7400 i

O.7467

0.7533]

0.7600i

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

z/i
i0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.09331

0.09331

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

n/n o

7.179 x 10 -4

5:788 x 10 -4

4.705 x 10 -4

3.772 x 10 -4

3.197 x 10 -4

2.576 x l0 -4

1.788 x 10 -4

1.306 x 10 -4

1.037 x 10 -4

9.389 x 10 -5

8.040 x 10 -5

2.815 x 10-4

2.865 x 10 -4

3.081 x 10 .4

3.454 x 10 .4

3.965 x 10.4

4.627 x I0 .4

5.928 x 10.4

8.366 x 10 .4

1.063 x 10.3

1.119 x 10 -3

1.143 x 10 -3

1.544 x 10 -3

2.247 x 10 -3

2.268 x 10 -3

1.93I x 10 -3

1.757 x 10-3

1.869 x 10-3

2.088 x 10-3

2.399 x l0 -3

2.656 x 10-3

3.010 x 10-3

3.274 x 10 -3

3.629 x 10-3

3.754 x 10-3

3.614 x 10-3

u/V_

0.254

0.261

0.266

0.266

0.263

0.257

0.244

0.233

0.222

0.215

0.205

0.435

0.383

0.313

0.223

0.128

3.802 x lO -2

-2.154 x 10 -2

-3.602 x I0-2

-3.169 x lO-2

-2.992 x 10-2

-5.138 x 10-2

-9.476 x 10-2

-0.142

-0.175

-0.188

-0.190

-0.183

-0.169

-0.153

-0.135

-0.116

-9.499 × 10 -2

-7.232 x 10 -2

-4.900 x 10 -2

-2.457 x 10 .2

w/V_

0.222

0.214

0.207

0.204

0.201

0.199

0.191

0.181

0.173

0.167

0.159

0.111

9.958 x 10 -2

8.298 x 10 -2

4.445 x 10 -2

-2.729 x 10.2

-0.123

-0.195

-0.205

-0.169

-8.865 x 10 -2

4.015 x 10-2

0.173

0.247

0.267

0.270

0.274

0.280

0.289

0.297

0.306

0.313

0.320

0.326

0.330

0.332

nkT/Poo V2

4.166 × 10 -3

3.342 x 10 -3

2.860 x 10-3

2.832 × 10 -3

3.737 x 10 -3

4.876 x 10 -3

5.853 × 10 -3

6.129 x 10 -3

6.08.6 x 10 -3

6.130 x 10.3

6.168 x 10-3

1.007 x 10-1

1.083 x 10-1

1.248 x 10-1

1.515 x 10-1

1.839 x 10-1

2.I03 x 10 -1

2.324 x 10 -1

2.437 x 10 -1

2.268 x 10 -1

2.122 x 10 -1

2.023 x 10 -1

1.808 x 10-1

1.123 x 10-1

4.378 x 10-2

2.012 x 10-2

1.325 x 10.2

1.299 x 10 -2

1.472 x 10 .2

1.728 x 10 -2

1.970 x 10 -2

2.307 x 10 -2

2.643 x 19 -2

3.016 x 10-2

3.224 x 10-2

3.149 x 10-2



x/L
O.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

O.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

Table A.2: Flow field variables on symmetry plane, fine grid
(continued).
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z/L
0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

n/no

3.318 x 10-3

3'.654x 10-3

3.679 x 10-3

3.619x 10-3

3.253x 10-3

2.948x 10-3

2.639× 10-3

2.292x 10-3

2.082x 10-3

1.846x 10-3

1.629x 10-3

1.409x 10-3

1.228x 10-3

1.048x 10-3

9.066x lO-4

7.834x 10-4

6.462x 10-4

5.250× 10-4

4.018x 10-4

3.481x 10-4

2.994× lO-4

2.027x 10-4

1.522x 10-4

1.149x 10-4

9.382x 10-5

7.996x 10-5

3.050x lO-4

3.073× 10-4

3.272x 10-4

3.660× lO-4

4.321× 10-4

5.082x 10-4

6.567x 10-4

9.504x 10-4

1.322x 10-3

1.478x 10-3

u/V_
-1.768 × 10 -3

2.530 x 10-2

4.871 × 10-2

7.222 x 10-2

9.477 × 10 -2

0.116

0.136

0.153

0.169

0.184

0.196

0.208

0.219

0.228

0.238

0.246

0.254

0.260

0.265

0.265

0.260

0.247

0.238

0.227

0.217

0.2O7

0.539

0.493

0.424

0.319

0.200

8.273 x lO -2

-7.683 x 10-3

-4.473 x 10-2

-4.660 x 10-2

-4.519 x 10-2

0.332

0.332

0.330

0.326

0.320

0.313

nkT/pc_V
)D

2.942x 10-2

3.189× 10-2

3.137× 10-2

2.999x 10-2

2.604x lO-2

2.266x 10-2

0.306

0.297

0.289

0.281

0.272

1.948x 10-2

1.635x 10-2

1.435x 10-2

1.237x 10-2

1.051x 10-2

0.264

0.255

0.247

0.239

0.231

0.223

0.215

0.208

0.205

0.203

0.195

0.188

0.178

0.170

0.161

0.135

0.131

0.124

0.102

4.380 x 10-2

-5.374 x 10-2

-0.143

-0.171

-0.143

-7.096 x 10-2

8.771x 10-3

7.348x 10-3

6.143x 10-3

5.161x 10-3

4.331 x 10-3

3.524x 10-3

2.833× 10-3

2.451x 10-3

2.935x lO-3

4.08]× 10-3

5.638x 10-3

6.084x 10-3

6.067x 10-3

5.953x 10-3

6.000x 10-3

9.911x 10-2

1.060× I0-1

1.243 × 10 -1

1.555 x 10-1

2.025 x 10 -1

2.421 x lO-1

2.798 x 10-1

2.992 × 10-1

2.890 x 10-I

2.75]x 10-I



x/L
0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0 8133_

0.8200

0.8267

0.8333

0.8400

0.8467

O.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

{}.9600

{}.9667

273

Table A.2: Flow field variables on symmetry plane, fine grid

(continued).

z/L
0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

n/no

1.567x 10-3

2.158x 10-3

2.569× 10-3

2.069× 10-3

1.685x 10-3

1.644x 10-3

1.784x 10-3

1.994x 10-3

2.251x 10-3

2.424x 10-3

2.722x 10-3

2.962x 10-3

3.169x 10-3

3.443x lO-3

3.529x lO-3

3.597x 10-3

3.573x 10-3

3.436x 10-3

3.149x 10-3

2.963x lO-3

2.677x 10-3

2.464x 10-3

2.158x 10-3

1.946x 10-3

1.776x ]0-3

1.575x 10-3

1.407x 10-3

1.232x lO-3

1.074x 10-3

9.161x 10-4

8.037× 10-4

6.989x 10-4

5.874 × 10 -4

4.507 x 10 -4

3.852 x 10 -4

3.462 x l0 -4

u/Voo

-6.015 x 10-2

-9.193 × 10 -2

-0.134

-0.176

-0.187

-0.185

-0.175

-0.161

-0.145

-0.128

-0.109

-8.948 × 10-2

-6.779 x 10 .2

-4.495 x 1i3.2

-2.243 x 10 -2

-7.534 x 10 .5

2.181 x 10-2

4.525 x 10 -2

6.785 x 10 -2

8.934 x 10 -2

0.109

0.128

0.145

0.161

0.175

0.188

0.199

0.210

0.220

0.230

0.238

0.246

0.253

0.259

0.263

0.262

w/Voo

5.306 x 10-2

0.185

0.256

0.272

0.274

0.279

0.286

0.294

O.302

0.309

0.316

0.322

0.327

0.331

0.334

0.334

0.333

O.332

0.328

0.322

0.316

0.310

0.302

0.294

0.286

0.278

0.270

0.262

0.254

0.247

O.239

0.231

0.224

0.217

0.212

0.209

nkT/PooV2_o [

2.577 × 10 -1 II

2.245 x 10 -1

1.142 x 10-1

3.140 x 10-2

1.410 x 10-2

1.129 x 10 -2

1.189 × 10 -2

1.342 x 10 -2

1.557 x 10 -2

1.727 × 10 -2

2.008 x 10 -2

2.262 x 10 -2

2.466 x 10 -2

2.761 × 10-2

2.861 x 10 -2

3.005 x 10 -2

2.895 x 10-2

2.737x lO-2

2.455x 10-2

2.236× 10-2

1.970x 10-2

1.752x 10-2

1.489x 10-2

1.293x 10-2

1.148x i0-2

9.887 x 10-3

8.523 x 10-3

7.215x lO-3

6.083 x 10-3

5.019x lO-3

4.295 x 10-3

3.646x lO-3

2.998x 10-3

2.317x lO-3

2.181× 10-3

2.637× 10-3



x/L

0.9733

0.9800

0.9867

O.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

O.7933

0.8000

0.8067

0.8133

0.82001

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

z/L-

0.1000

0.1000 2.413

0.1000 1.791

0.1000 1.305

0.1000 9.962

0.1067 3.585

0.1067 3.493

0.1067 3.542

0.1067 3.940

0.1067 4.654

0.1067 5.547

0.1067 7.178

0.1067 1.052

0.1067 1.622

0.1067 2.O35

0.1067 2.331

0.1067 3.146

0.1067 2.996

0.1067 1.856

0.1067 1.519

0.1067 1.554

0.1067 1.696

0.1067 1.917

0.1067 2.060

0.1067 2.270

0.1067 2.471

0.1067 2.687

0.1067 2.812

0.1067 3.008

0.1067 3.144

0.1067 3.203

0.1067 3.158

0.1067 3.029

0.1067 2.797

0.1067 2.697

0.1067 2.467

n/no [ u/Voo
2.929 x 10-4

x 10-4

x 10 -4

x 10-4

x 10-5

x 10 -4

x 10 -4

x 10 -4

x 10 -4

x 10 -4

x 10 -4

x 10 -4

x 10 -3

× 10 -3

x 10 -3

× 10 -3

× 10 -3

× 10 -3

x 10 -3

x 10-3

× 10-3

x 10-3

x 10-3

x 10-3

x 10-3

x 10-3

x 10-3

x 10-3

× 10-3

× 10-3

× 10 -3

x 10 -3

x 10 -3

× 10 -3

× 10 -3

x 10 -3

0.256

0.250

0.240

0.227

0.217

0.654

0.614

0.553

0.452

0.307

0.160

2.430 x 10 -2

-4.747 × 10 -2

-6.245 x 10 -2

-6.225 x 10 -2

-6.921 x 10 -2

-8.123 x 10 .2

-0.118

-0.170

-0.185

-0.179

-0.167

-0.153

-0.138

-0.121

-0.104

-8.443 x 10 -2

-6.366 x 10-2

-4.217 x 10-2

-2.104 x 10.2

-4.991 x 10-4

2.022 x 10 .2

4.263 x 10 .2

6.381 x 10 .2

8.469 x 10 -2

0.104

w/V 
0.207

0.203

0.194

0.182

0.172

0.161

0.158

0.157

0.151

0.115

3.077 × 10 -2

-7.545 x 10 -2

-0.131

-0.117

-5.494 × 10 -2

5.111 x 10-2

0.170

0.242

0.264

0.276

0.284

0.291

0.299

0.305

0.312

0.319

0.324

O.329

0.332

0.334

0.335

0.334

0.333

0.329

0.324

0.319

nkT/pooV 2

5.093 × 10 -3

6.012 x 10 -3

6.464 x 10 -3

6.143 x 10 -3

9.936 × 10 -2

1.033 × 10 -1

1.168 x 10 -1

1.523 × 10 -1

2.096 x 10 -1

2.725 x 10-1

3.374 x 10-1

3.735 x 10 -1

3.726 x 10 -1

3.612 x 10 -1

3.626 x 10 -1

3.422 × 10 -1

1.668 × 10 -1

4.273 x 10 -2

1.307 x 10 -2

1.008 × 10 -2

1.068 x 10 -2

1.254 x 10 -2

1.374 x 10 -2

1.551 × 10 -2

1.735 × 10 -2

1.936 × 10 -2

2.063 x 10-2

2.266 x 10-2

2.392 x 10-2

2.494 × 10-2

2.404 × 10-2

2.260 × 10-2

2.055 x 10-2

1.925 x l0 -2

1.726 x l0 -2



275

TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

O.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

O.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

O.760O

0.7667

z/L n/no
0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

2.243 × 10 -:_

2.043 x 10 -3

1.818 x 10 -3

1.684 x 10 -3

1.522 x 10 -3

1.370 x 10-3

1.221 x 10 -3

1.071 x 10 -3

9.417 x 10 -4

8.110 x 10 -4

7.158 × 10 -4

6.279 x 10 -4

5.018 × 10 -4

4.213 × 10 -4

3.648 × 10 -4

3.362 × 10 -4

3.009 × 10-4

2.470 × 10-4

1.843 × 10-4

1.366 × 10-4

4.473 x 10 -4

4.225 x 10 -4

4.125 x 10 -4

4.305 × 10 -4

5.047 x 10 -4

6.185 x 10 -4

7.684 x 10 -4

1.119 x 10-3

1.922 x 10 -3

2.844 × 10-3

3.708 × 10-3

4.947 × 10-3

4.882 x 10-3

2.868 x 10 -3

1.779 x 10 -3

1.550 x 10 -3

u/Vcc

0.122

0.138

0.153

0.167

0.181

0.192

0.202

0.212

0.222

0.231

0.238

0.246

0.251

0.257

0.261

0.259

0.254

0.248

,0.239

O.23O

0.756

0.729

0.685

0.605

0.459

0.279

0.106

-2.463 × 10-2

-7.247 x 10.2

-8.141 x 10.2

-8.948 x 10 .2

w/V_

0.313

0.306

0.298

0.291

0.284

0.276

0.269

0.261

0.254

0.246

0.239

0.232

0.226

0.220

0.215

0.212

0.210

0.207

0.199

0.190

0.186

0.182

0.182

0.186

0.183

0.126

1.747 x 10 -2

-7.042 x 10 -2

-7.886 x 10 .2

-3.373 x 10 -2

4.348 x 10-2

nkT/pcoV_

1.532 x 10-2

1.357 x 10-2

1.176 x 10-2

1.052 x 10-2

9.262 x 10 -3

8.061 x 10 -3

6.945 x 10 -3

5.892 x 10 -3

5.013 x 10 -3

4.217 x 10 -3

3,613 x l0 -3

31087 x 10-3

2:404 x 10 -3

2.047 x 10 -3

1.910 x 10-3

2.662 x 10-3

3.846 x 10-3

5.090 x l0 -3

5.817 x l0 -3

5.883 x 10-3

9.761 x 10 -2

1.000 x 10 -1

1.088 x 10 -1

1.347 x 10 -1

2.013 x 10 -1

2.970 x 10 -1

3.862 x 10-1

4.614 x 10-1

4.976 x l0 -1

5.015 x l0 -1

5.325 x 10-1

-8.428 x 10 -2

-8.233 x 10 -2

-0.115

-0.148

-0.165

0.120

0.145

0.158

0.221

0.276

6.037 x 10 -1

5.422 x 10 -1

2.850 x 10 -1

1.116 x 10 -1

3.013 x 10 -2
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

O.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.92001

0.9267

0.9333

0.9400

0.9467

0.95331

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

O.6667

z/L
0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133
0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1200

n/n o

1.624x 10-3

L805 x 10-3

1.904x 10-3

2.118x 10-3

2.284x 10-3

2.417x 10-3

2.533x 10-3

2.683x 10-3

2.797x 10-3

2.866x 10-3

2.801x 10-3

2.672x 10-3

2.551x 10-3

2.411x 10-3

2.279x 10-3

2.067x 10-3

1.936× 10-3

1.719x 10-3

1.583x 10-3

1.471x 10-3

1.329x 10-3

1.200x 10-3

1.075x 10-3

9.434× 10-4

8.343x 10-4

7.176x 10-4

6.394x 10-4

5.228x 10-4

4.457 x 10-4

3.844x 10-4

3.476x 10-4

3.219x 10-4

2.881x 10-4

2.351x 10-4

1.822x 10-4

5.903× 10-4

u/V_

-0.160

-0.146

-0.131

-0.115

-9.824 x 10 -2

-8.005 x 10 -2

-6.032 x 10-2

-3.981 x 10-2

-1.974 x 10-2

-7.092 x 10-4

1.876 x 10.2

4.016 x 10-2

6.057 x 10-2

7.993 x 10-2

9.831 x 10.2

0.116

0.132

0.146

0.160

0.173

0.185

0.196

0.205

0.215

0.223

0.232

0.239

0.247

0.253

0.258

0.259

0.257

0.251

0.244

0.239

0.833

w/V_

0.296

0.302

0.309

0.315

0.321

0.326

0.330

0.333

0.335

0.335

0.335

0.334

0.330

0.326

0.321

0.315

0.309

0.302

0.295

0.288

0.281

0.274

0.267

0.260

O.253

0.246

0.239

0.231

0.225

0.219

0.216

0.214

0.213

0.210

0.203

0.205

nkT/pooV 2

1.145x 10-2

1.233x 10-2

1.392x 10-2

1.527x 10-2

1.656x 10-2

1.761x 10-2

1.900x 10-2

2.010x 10-2

2.110x 10-2

2.021x 10-2

1.884 x 10 -2

1.759 x 10 -2

1.636 x 10 -2

1.528 x 10 -2

1.339 x 10 -2

1.243 x 10 -2

1.076 x 10 -2

9.580 × 10 -3

8.645 × 10-3

7.646 x 10-3

6.667 x 10-3

5.769 x 10-3

4.915 x 10-3

4.206 × 10-3

3.530 x 10-3

3.048 x 10-3

2.441 x 10 -3

2.068 x lO -3

1.852 x 10 -3

1.926 × lO -3

2.605 x lO -3

3.813 × 10 -3

4.840 x 10 -3

5.338 x 10 -3

9.536 x 10 -2
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TableA.2: Flowfieldvariablesonsymmetryplane,finegrid
(continued).

x/i
0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

O.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

O.9067

z/L
0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

n/n o

-5.547 × 10 -4

5.206 × 10-4

5.034 × 10 -4

5.492 × 10 -4

6.836 × 10-4

8.553 x 10-4

1.122 x 10-3

1.917 × 10 -3

3.298 × 10 -3

4.676 x 10 -3

5.654 × 10 -3

5.654 x 10 -3

4.581 × 10 -3

3.627 × 10 -3

2.478 × 10 -3

1.803 × 10-3

1.702 × 10 -3

1.800 x 10-3

1.967 x 10-3

2.114 x 10-3

2.190 x 10-3

2.328 × 10-3

2.388 x 10-3

2.510 × 10 -3

2.600 × 10 -3

2.506 × 10 -3

2.379 x 10 -3

2.339 x 10 -3

2.171 × 10-3

2.087 × 10-3

1.940 x 10-3

1.812 × 10-3

1.644 x l0 -3

1.489 x l0 -3

1.397 x 10 -3

1.288 x l0 -3

u/V_

0.816

0.790

0.749

0.642

0.459

0.245

5.330 × 10 -2

-5.167 x 10 -2

-7.821 x 10 -2

-8.375 x 10 -2

-7.564 × 10 -2

-5.705 x 10 -2

-5.648 x 10-2

w/Vet

0.200

0.200

0.204

0.220

0.210

0.131

2.127 x 10 -2

-2.662 x 10 -2

-6.164 x 10-3

4.504 x 10 -2

9.271 x 10 -2

9.833 x 10 -2

8.202 × l0 -2

nkT/p_V J
X3

9.779 × i0 -2

1.019 x 10 -1

1.143 × 10 -1

1.660 x 10 -1

2.817 × 10 -1

4.286 x 10 -1

5.378 x 10 -1

6.306 x 10-1

6.647 × 10-1

6.891 x 10-1

7.401 x 10-1

7.478 x 10-1

6.304 x 10-1

-6.602 × 10 -2

-9.556 x 10-2

-0.131

-0.138

-0.126

-0.110

-9.350 x 10 -2

-7.605 x 10 -2

-5.733 x 10 -2

-3.746 x 10 -2

-1.814 × 10 -2

-8.476 × 10 -4

1.728 x 10 -2

3.757 x 10 -2

5.773 x 10-2

7.602 × 10-2

9.35t × 10-2

0.110

0.126

0.140

0.153

0.166

0.178

0.104

0.182

0.266

0.303

0.312

0.318

0.323

0.327

0.331

0.334

0.335

0.336

0.335

0.334

0.331

0.327

0.323

0.317

0.312

0.306

0.299

0.293

0.286

4.735 × 10-1

2.379 x 10-1

7.018 x 10-2

1.490 × 10-2

1.034 × 10 -2

1.239 x 10 -2

1.366 × 10 -2

1.422 × 10 -2

1.535 × 10 -2

1.602 × 10 -2

1.711 × 10 -2

1.813 × 10-2

1.716 × 10-2

1.587 x 10-2

1.536 × 10-2

1.399 × 10 -2

1.334 × 10-2

1.216 x 10 -2

1.118 x 10 -2

9.906 × 10 -3

8.762 x 10 -3

8.032 × 10 -3

7.194 × 10-3



x/L
0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OOO

0.8067
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Table A.2: Flow field variables on symmetry plane, fine grid

(continued).

z/L
0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1267

0.1267

0.1267

0.1267

0.1267i

0.12671

0.12671

0.1267

0.1267

0.12671

0.12671

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

n/no

1.170 x 10-3

1.069 x 10 -3

9.445 × 10 -4

8.361 × 10-4

7.430 × 10-4

6.445 × 10-4

5.306 x 10-4

4.795 x 10 -4

4.231 × 10 -4

3.631 × 10-4

3.289 × 10-4

3.041 x 10-4

2.728 x 10-4

2.332 × 10-4

7.231 x 10-4

7.108 × 10-4

6.909 x 10-4

6.526 x 10-4

6.445 x 10-4

7.425 x 10-4

9.423 x 10-4

1.156 × 10 -3

1.619 x 10-3

2.825 × 10-3

4.495 x 10-3

5.362 × 10-3

5.278 × 10 -3

4.857 × 10 -3

4.692 × 10 -3

4.344 x 10 -3

3.270 × 10 -3

2.096 x 10 -3

1.757 x 10 -3

1.828 × 10 -3

1.935 x l0 -3

2.005 x l0 -3

u/Voo

0.189

0.198

0.207

0.216

0.225

0.232

0.238

0.244

0.25O

0.256

0.257

0.254

0.248

0.243

0.888

0.874

0.860

0.841

0.796

0.665

0.456

0.224

2.928 × 10 -2

-4.300 x 10 .2

-5.602 x 10 -2

-4.832 x 10 -2

-3.697 x 10 -2

-3.423 x 10 -2

-3.406 x 10 -2

-3.687 x 10 .2

-4.924 x 10-2

-9.095 x 10 -2

-0.115

-0.105

-8.908 x 10-2

-7.254 x 10-2

w/Voo

0.272

0.266

0.259

0.252

0.246

0.240

0.234

0.228

0.221

0.218

0.217

0.217

0.213

0.205

0.209

0.210

0.212

0.221

0.250

O.239

0.147

4.955 x 10 -2

2.928 x 10-2

4.901 x 10 -2

7.426 x 10.2

7.779 x 10.2

6.603 x 10-2

6.786 x 10-2

9.893 x 10.2

0.154

0.245

0.307

0.320

0.324

0.328

0.279

5.632 x 10 -3

4.821 x 10 -3

4.114 x 10 -3

3.547 x 10-3

2.999 x 10-3

2.393 x 10 -3

2.131 x 10-3

1.854 x 10-3

1.669 x 10-3

1.834 x 10 -3

2.507 x 10-3

3.622 x 10-3

4.579 x 10-3

8.465 x 10-2

9.087 x 10-2

9.679 x 10-2

1.025 x 10-1

1.230 x 10-1

2.149 x 10 -1

4.015 x 10 -1

5.809 x 10 -1

7.017 x 10 -1

7.854 x 10 -1

7.899 × 10 -1

7.834 x 10 -1

7.497 × 10 -1

7.027 x 10 -1

6.728 x 10 -1

5.906 x 10 -1

3.837 x 10 -1

1.326 x 10 -1

2.360 x 10 -2

1.042 x 10 -2

1.180 × 10 -2

1.250 x 10 -2
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TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

x/L
0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

O.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

O.7O00

0.7067

z/L
0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

n/n o

2.119 x 10 -:t

2.158 x 10 -3

2.269 x 10 -3

2.390 x 10 -3

2.263 x 10 -3

2.142 x 10 -3

2.113 x 10 -3

1.989 x 10-3

1.917 x 10-3

1.826 x 10 -3

1.672 x 10-3

1.590 x 10-3

1.420 x 10-3

1.312 x 10 -3

1.239 x 10 -3

1.135 x 10 -3

1.042 x 10 -3

9.521 x 10 -4

8.354 x 10 -4

7.464 × 10-4

6.653 × 10-4

5.310 x l0 -4

4.834 x 10-4

4.324 x l0 -4

3.876 × 10-4

3.425 × 10 -4

3.050 × 10 -4

2.744 x l0 -4

2.501 x I0 -4

7.073 x 10 -4

7.570 x 10-4

7.920 x 10-4

7.965 x 10-4

7.923 x l0 -4

8.182 x 10-4

1.000 x 10 -3

u/V_

-5.445 x 10 -2

-3.550 x 10 -2

-1.670 x 10 -2

-8.372 x 10 -4

1.574 x 10-2

3.565 x 10-2

5.483 x 10-2

7.247 x 10 -2

8.911 x 10 -2

0.105

0.120

0.134

0.147

0.159

0.171

0:183

0.192

0.201

0.209

0.218

0.226

0.235

0.241

0.248

0.251

0.255

O.255

0.249

0.244

0.930

0.918

0.905

0.893

0.876

0.828

0.682

w/Vc_

0.332

0.334

0.336

0.336

0.336

0.335

0.332

0.329

0.324

0.320

0.314

0.309

0.303

0.297

0.290

0.284

0.278

0.271

0.264

0.258

0.252

0.244

0.237

0.231

0.227

0.222

0.219

0.218

0.216

0.181

0.196

0.207

0.214

0.220

0.239

0.279

nkT/pco v
)o

1.323 x 10 -2

1.374 x 10 -2

1.475 x 10 -2

1.583 x 10 -2

1.473 x 10 -2

1.354 x 10 -2

1.317 x 10 -2

1.222 x 10 -2

1.175 x 10 -2

1.100 x 10-2

9.945 x 10-3

9.248 x 10-3

81122 x 10 -3

7.339 x 10 -3

6.745 x 10-3

6.021 x 10 -3

5.369 x 10 -3

4.749 x 10 -3

4.032 x 10-3

3.486 x 10 -3

3.014 x 10 -3

2.357 x 10 -3

2.114 x 10 -3

1.859 x 10 -3

1.647 x 10-3

1.542 x 10 -3

1.976 x 10 -3

3.060 x 10-3

4.I58 x 10 -3

6.078 x 10 -2

7.146 x 10 -2

8.173 x 10 -2

8.983 x 10 -2

9.987 x 10 -2

1.354 x 10-1

2.771 x 10-1
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

O.8267!

0.8333i

0.8400

O.8467!

O.8533

0.8600'

O.8667

0.8733]

0.8800

0.8867

0.8933

0.9000

0.9067

0.91331

0.9200

0.9267

0.9333

0.9400

0.9467

z/L
0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333i

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

n/n o

1.296 xlO -3

1".501 x 10 -3

2.021 x 10 -3

3.224 x 10 -3

4.368 x 10 -3

4.767 x 10 -3

4.668 x 10 -3

4.720 x 10 -3

4.875 x 10 -3

4.809 x 10 -3

3.957 x 10-3

2.643 x 10 -3

1.883 x 10-3

1.776 x 10 -3

1.861 x 10 -3

1.939 x 10-3

1.970 x 10-3

2.060 x 10-3

2.188 × 10-3

2.042 × 10-3

1.937 x 10-3

1.925 × 10-3

1.849 × 10-3

1.763 × 10-3

1.693 × 10-3

1.559 × 10-3

1.501 × 10-3

1.366 × 10-3

1.251 × 10-3

1.177 x 10 -3

1.097 x 10 -3

1.014 × 10 -3

9.279 × 10 -4

8.426 × 10 -4

7.430 × lO -4

6.736 × 10 -4

u/V_

0.457

0.230

6.609 x 10-2

1.085 x 10-3

-1.109 x 10 -2

-1.081 x 10-2

-1.344 × 10-2

-1.769 x 10-2

-1.951 x 10-2

-1.511 x 10-2

-1.932 x 10-2

-4.950 × 10-2

-8.435 x 10-2

-8.478 x 10-2

-6.916 × 10-2

-5.188 × 10-2

-3.386 x 10-2

-1.534 x 10-2

-7.994 x 10-4

1.443 x 10 -2

3.369 x 10 -2

5.227 x 10 -2

6.928 x 10 -2

8.520 x 10 -2

0.100

0.115

0.128

0.14I

0.153

0.165

0.176

0.186

0.195

0.203

0.211

0.219

w/Voo nkT/pooV_

5.477 x 10 -1

0.174

9.659 x 10 -2

7.174 x 10 -2

7.049 x 10 -2

6.635 x 10 -2

5.702 x 10 -2

5.633 x 10 -2

7.660 x 10 -2

9.868 × 10 -2

0.139

0.220

0.298

0.325

0.329

0.333

0.335

0.336

0.336

0.336

0.335

0.333

0.330

0.326

0.321

0.316

0.311

0.305

0.300

0.294

O.288

0.282

0.276

0.269

0.263

0.257

0.264

7.326 x 10 -1

8.165 x 10 -1

8.540 x 10 -1

8.250 x 10 -1

7.744 x 10-1

7.256 × 10-1

7.069 x 10 -1

7.061 x l0 -1

6.628 x 10-1

4.937 x 10-1

2.216 x 10-1

5.393 x 10-2

1.156 × 10-2

1.099 x 10-2

1.153 x 10-2

1.196 x 10-2

1.281 x 10-2

1.388 x 10-2

1.268 x 10-2

1.168 x 10-2

1.144 x 10-2

1.085 x l0 -2

1.028 x 10-2

9.780 x 10-3

8.967 x 10-3

8.460 x 10 -3

7.599 x 10-3

6.760 x 10-3

6.236 x 10-3

5.708 x 10-3

5.112 x 10 -3

4.520 x 10 -3

3.988 x 10 -3

3.411 x 10 -3

2.992 x 10 -3
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Table A.2: Flow field variables on symmetry plane, fine grid

(continued).

x/L
0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

O.72OO

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

O.7733

0.7800

O.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

z/L
0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

n/no

5.509 x 10-4

4'.877 x 10-4

4.419 x 10 -4

4.023 x 10 -4

3.593 x 10 -4

3.144 x 10 -4

2.792 x 10 -4

2.754 x 10 -4

6.328 x 10 -4

6.658 x 10 -4

7.241 x 10 -4

7.872 x 10 -4

8.455 x 10 -4

8.844 x 10 -4

9.816 x 10 -4

1.307 x 10 -3

1.649 x 10 -3

1.773 x 10 -3

2.158 x 10 -3

2.947 x 10 -3

3.681 × 10 -3

4.064 x 10 -3

4.395 x 10 -3

4.734 x 10 -3

4.968 x 10 -3

5.101 x 10 -3

4.645 x 10 -3

3.341 x 10 -3

2.161 x 10-3

1.762 x 10 -3

1.764 x 10 -3

1.817 x 10 -3

1.900 × 10 -3

2.036 × 10 -3

1.882 x 10 -3

1.774 x 10 -3

u/Vet

0.226

0.233

0.240

0.246

0.251

0.253

0.252

0.248

0.956

0.949

0.939

0.929

0.918

O.9O2

0.849

0.687

0.481

0.281

0.126

5.802 x 10 -2

3.160 x 10 -2

1.629 x 10 -2

3.797 x 10 -3

-1.358 x 10-3

-6.946 × 10 -4

w/V_

0.251

0.245

0.239

0.233

0.228

0.224

0.222

0.222

0.147

0.159

0.175

0.191

0.204

0.218

0.249

0.305

0.297

0.214

0.137

9.884 x 10 -2

7.707 x 10-2

6.199 x 10-2

5.629 x 10-2

6.673 x 10-2

8.251 x 10-2

nkT/pooV "

2.373 x 10 -3

2.064 × 10-3

1.843 × 10 -3

1.646 × 10 -3

1.476 × 10 -3

1.437 x 10 -3

1.853 x 10 -3

2.714 x 10 -3

4.270 × 10 -2

4.786 × 10 -2

5.665 x 10 -2

6.722 x 10-2

7.840 x 10-2

9.254 × 10-2

1.434 x 10-1

3.516 x 10 -1

6.707 × 10 -1

8.163 x 10-1

8.569 x 10 -1

8.515 x 10 -1

8.020 x 10 -1

7.565 × 10 -1

7.413 × 10 -1

7.392 × 10-1

7.237 × 10-1

3.944 x 10-3

6.778 x 10-3

- 1.057 × 10-2

-4.650 x 10-2

-6.024 x lO-2

-4.969 x 10-2

-3.229 × 10-2

-1.412 × 10-2

-5.680 x 10-4

1.330 × 10-2

3.192 × 10-2

0.102

0.131

0.189

0.271

0.321

0.334

0.335

0.336

0.337

0.337

0.336

7.045 × 10-1

5.920 × 10-1

3.475 × 10-1

1.144 x 10-1

2.593 × 10-2

9.659 x 10-3

1.053 × 10-2

1.130 x 10-2

1.234 x 10-2

1.114 x 10-2

1.020 × 10 -2



x/L

0.8533

0.8600

0.8667

0.8733

0.880O

0.8867

0.8933

0.9000

0.9067[

0.91331

0.9200

0.9267

0.9333

"0,9400

0.9467

0.9533

0.96001

0.9667

0.9733

0.9800i

0.986?

0.9933

1.0000

0.666?

0.6733

O.68O0

0.6867

O.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467
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Table A.2: Flow field variables on symmetry plane, fine grid

(continued).

z/L
0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400!

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

n/n o

1.744 x 10 -3

1.735 x 10-3

1.650 x 10-3

1.572 x 10-3

1.484 x 10 -3

1.393 x 10-3

1.322 x 10 -3

1.209 x 10-3

1.110 x 10 -3

1.057 x 10 -3

9.812 x 10 -4

9.078 x 10 -4

8.340 x i0 -4

7.489 x 10 -4

6.668 x 10 -4

5.610 x 10 -4

5.023 x 10 -4

4.453 x 10 -4

4.077 x 10 -4

3.694 x 10 -4

3.264 x 10 -4

2.802 x 10 -4

2.721 x 10 -4

5.988 x 10 -4

6.034 x 10 -4

6.230 x 10 -4

6.592 x 10 -4

7.088 x 10 -4

7.771 x 10 -4

8.650 x 10 -4

1.061 x 10 -3

1.619 x 10-3

1.969 x 10-3

1.929 x 10-3

2.093 x 10-3

2.489 x 10-3

u/Voo
4.991 x 10-2

6.624 x 10-2

8.156 x 10-2

9.593 x 10-2

0.110

0.123

0.136

0.147

0.159

0.170

0.180

0.189

0.197

0.205
0.213

0.220

0.227

0.233

0.240

0.246

0.250

0.251

0.249

0.966

0.964

0.961

0.955

0.947

0.938

0.923

0.860

0.693

0.518

0.356

0.208

0.117

w/Voo

0.334

0.330

0.327

0.323

0.318

0.314

0.308

0.303

0.297

0.292

0.286

O.28O

0.274

0.268

0.262

0.257

0.251

0.246

0.239

0.234

0.229

0.225

0.224

0.135

0.137

0.143

0.153

0.168

0.185

0.205

0.256

0.335

0.323

0.250

0.175

0.121

nkT/pcoV 2
9.896 × 10-3

9.749 x 10 -3

9.241 x 10-3

8.716 x 10 -3

8.202 x 10 -3

7.609 x 10 -3

7.119 x 10-3

6.377 x 10-3

5.748 x 10 -3

5.322 x 10 -3

4.818 x 10 -3

4.339 x 10-3

3.877 x 10-3

3.362 x 10-3

2.906 x 10-3

2.369 x 10-3

2.065 x 10-3

1.793 x 10-3

1.621 x 10-3

1.448 x 10-3

1.325 x 10-3

1.375 x 10-3

1.860 x 10-3

3.656 x 10-2

3.765 x 10-2

3.995 x 10-2

4.460 x 10-2

5.159 x 10 -2

6.134 x 10-2

7.680 x 10 -2

1.450 x 10 -1

4.217 x 10 -1

7.421 x 10 -1

8.415 x 10 -1

8.409 x 10 -1

8.026 x 10 -1
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TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8O0O

0.8067

0.8133

O.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

n/no

3.009 x 10 -3

3.534 x 10 -3

4.159 x 10 -3

4.633 x 10 -3

5.063 x 10 -3

5.324 × 10 -3

5.075 × 10 -3

4.157 × 10-3

2.700 × 10 -3

1.863 x 10-3

1.681 x 10-3

1.736 × 10 -3

1.901 x 10-3

1.733 x 10-3

1.620 x 10-3

1.608 x 10 -3

1.604 x 10 -3

1.533 x 10 -3

1.473 x 10 -3

1.406 × 10 -3

1.294 x 10 -3

1.262 x 10 -3

1.161 x 10-3

1.064 x 10-3

1.004 x 10-3

9.460 x 10-4

8.846 x 10-4

8.132 x 10-4

7.487 x 10-4

6.704 x 10 -4

5.585 x 10 -4

5.084 x 10 -4

4.582 x 10 -4

4.119 x 10 -4

3.736 x 10 -4

3.319 x 10 -4

u/V_

7.194x 10-2

3.832x 10-2

2.212x 10-2

1.517x 10-2

1.547x 10-2

2.045x 10-2

2.592x lO-2

2.427 x 10-2

- 1.880x 10-3

-2.989 x 10-2

-2.845 x lO-2

-1.298 x 10-2

-5.011 x 10-4

I.227x 10-2

3.034x 10-2

4.770x 10-2

6.348x 10-2

7.813x IO-2

9.216x lO-2

O.106

0.118

0.131

0.142

0.153

0.164

0.174

0.183

0.192

0.200

0.207

0.215

0.222

0.229

0.235

0.240

0.245

8.910 x l0 -2

7.012 x 10 -2

6.722 x 10 -2

7.408 x 10 -2

8.832 x 10-2

0.105

0.126

0.155

0.229

0.305

0.332

0.336

0.337

0.337

0.336

0.334

0.332

0.328

0.324

0.320

0.316

0.311

0.306

0.301

0.295

0.290

0.284

0.278

0.273

0.267

0.261

0.255

0.250

0.244

0.239

O.234

nkT/PooV_

7.807 x 10-1

7.520 x 10-1

7.592 x 10-1

7.384 x 10-1

7.461 x 10-1

7.257 x 10-1

6.589 × 10 -1

4.933 x 10 -I

2.245 x 10 -1

5.675 x 10 -2

1.456 x 10 -2

1.049 x 10 -2

1.112 x 10 -2

9.879 x 10 -3

8.923 x 10 -3

8.740 x 10 -3

8.652 x 10 -3

8.243 x 10 -3

7.882 x 10 -3

7.513 x 10-3

6.805 x 10 -3

6.612 x 10-3

5.946 x 10 -3

5.374 x 10 -3

4.942 x 10 -3

4.545 x 10 -3

4.135 x 10 -3

3.698 x 10 -3

3.306 x 10 -3

2.854 x 10 -3

2.306 x 10 -3

2.071 x 10-3

1.820 x 10-3

1.598 x 10-3

1.429 x 10-3

1.265 x 10-3
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

z/L
0.1467

0.1467

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.I533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533i

0.1533

0.1533

n/no

2.809 x 10 -4

2.664 x 10 -4

6.081 x 10 .4

6.103 x 10 -4

6.117 x 10 .4

6.161 x 10 .4

6.265 x 10 -4

6.500 x 10 .4

6.955 x 10 .4

7.717 x 10 .4

1.041 x 10 .3

1.760 x 10 .3

2.214 x 10 -3

2.067 x 10 -3

2.003 x 10 -3

2.192 x 10 -3

2.589 x 10-3

3.209 x 10 -3

3.903 x 10 -3

4.533 x 10-3

5.025 x 10-3

5.276 x 10-3

5.274 x 10-3

4.723 x 10-3

3.572 x 10-3

2.294 x 10-3

1.736 x 10-3

1.797 x 10-3

1.594 x 10-3

1.503 x 10-3

1.495 x 10-3

1.489 x lO-3

1.425 x 10-3

1.384 x lO-3

1.326 x lO-3

1.247 x lO -3

u/Vo_

0.249

0.250

0.970

0.969

0.968

0.967

0.965

0.961

0.955

0.941

0.866

0.696

0.556

O.428

0.292

0.188

0.116

0.229

0.227

0.132

0.133

0.134

0.136

0.140

0.148

0.160

0.182

0.251

0.349

0.353

0.286

0.210

0.151

0.112

1.330 x 10.3

3.610 x 10-2

3.642 x 10-2

3.676 x 10-2

3.742 x 10 -2

3.897 x 10 -2

4.190 x 10-2

4.764 x 10-2

6.019 x 10-2

1.397 x 10 -1

4.430 x 10 -1

7.655 x 10 -1

8.274 x 10 -1

8.140 x 10 -1

7.942 x 10 -1

7.835 x 10 -1

6.989 x 10-2

4.219 x 10-2

3.273 x 10-2

3.139 x 10-2

3.614 x 10-2

4.412 x 10-2

4.928 x 10-2

3.896 x 10-2

1.344 x 10-2

-1.410 x 10-3

2.112 x 10-4

1.120 x 10-2

2.912 x t0 -2

4.580 x 10-2

6.075 x lO-2

7.501 x lO -2

8.855 x lO -2

0.102

0.114

8.827 x 10-2

8.088 x 10-2

8.362 x 10-2

9.505 x 10-2

0.108

0.122

0.141

0.185

0.259

0.318

0.336

0.337

0.337

0.335

0.332

0.329

0.326

0.322

0.317

7.813 x 10 -1

7.709 x 10 -1

7.590 x 10 -1

7.408 x 10 -1

7.263 x 10 -1

6.817 x 10 -1

5.823 x 10-1

3.718 x 10 -1

1.453 x 10 -1

3.827 x 10 -2

1.187 x 10-2

8.434 x 10-3

7.972 x 10.3

7.825 x 10.3

7.736 x 10-3

7.349 x 10-3

7.111 x 10-3

6.803 x 10.3

6.348 x 10-3
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TableA.2: Flowfield variables on symmetry plane, fine grid
(continued).

x/L

o.893 
0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

O.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

z/i
0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1533

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1.600

0.1600

0.1600

0.1600

0.1600

n/n o

1.188 × 10 -3

1:122 × 10 -3

1.033 x 10 -3

9.584 × 10 -4

9.082 × 10 -4

8.495 × 10 -4

7.947 × 10-4

7.366 × 10-4

6.721 x l0 -4

5.601 x 10-4

5.096 × 10-4

4.653 x 10-4

4.198 x 10-4

3.771 × 10-4

3.348 x 10-4

2.841 x l0 -4

2.651 × 10 -4

5.617 x 10 -4

5.794 × 10 -4

5.917 x 10 -4

5.957 x 10 -4

6.025 x 10 -4

6.110 × 10 -4

6.170 x 10 -4

6.400 x 10-4

6.794 x 10-4

9.542 x 10-4

1.810 × 10-3

2.325 × 10-3

2.137 x l0 -3

1.975 x 10 -3

2.043 x 10 -3

2.364 x 10 -3

2.925 × 10 -3

3.682 × 10 -3

4.374 × 10-3

u/V_
0.126

0.138

0.148

0.158

0.168

0.178

0.187

0.194

0.202

0.208

0.215

0.222

0.229

0.235

0.240

0_45

0.248

0.970

0.970

0.969

0.969

0.969

0.968

0.967

0.964

0.954

0.868

0.692

0.578

0.483

0.364

0.246

0.158

9.944 x 10 -2

6.539 × 10-2

5.222 x 10.2

w/Voo

0.313

0.308

0.303

0.298

0.293

0.288

0.282

0.277

0.271

0.267

0.261

0.256

0.249

0.244

0.239

0.234

0.230

0.130

0.131

0.133

0.133

0.135

0.136

0.139

0.144

0.160

0.242

0.368

0.379

0.318

0.248

0.186

0.137

0.108

9.346 x 10-2

9.308 × 10-2

nkT/PooV _

6.013 x 10 -c_

5.590 × 10 -3

5.047 x 10 -3

4.607 × 10 -3

4.280 × 10 -3

3.880 x 10 -3

3.540 x 10 -3

3.190 x 10 -3

2.825 x 10 -3

2.276 x 10-3

2.017 × 10 -3

1.'802 x 10 -3

1._94 × 10 -3

1.411 x 10 -3

1".239 × 10 -3

1.071 x 10-3

1.076 x 10-3

3.275 x 10 -2

3.392 × 10-2

3.477 x 10-2

3.504 x 10-2

3.572 x 10-2

3.655 x l0 -2

3.734 x 10 -2

4.001 x 10 -2

4.744 × 10 -2

1.290 × 10 -1

4.522 x 10 -1

7.487 x l0 -1

7.987 x 10 -1

7.811 x l0 -1

7.822 x l0 -1

7.905 × 10 -1

7.842 x 10 -1

7.821 × 10-l

7.606 x 10 -1
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TableA.2: Flowfieldvariablesonsymmetryplane,finegrid
(continued).

_x/L
0.7933
0.8000
0.8067
0.8133
O.82OO
0.82671
0.8333
O.84OO
0.8467
0.8533
0.8600
0.8667
0.8733
0.8800
0.8867
0.8933
0.9000
0.9067
0.9133
0.9200
0.9267
0.9333
0.9400
0.9467
0.9533
0.9600
0.9667
0.9733
0.9800
0.9867
O.9933
1.0000
0.6667
0.6733
0.6800
0.6867

z/K
0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.16OO

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.160O

0.1600

0.1600

0.1600

0.1600

0.1600

0.1667

0.1667

0.1667

0.1667

n/no

............

5".161 x 10-3

5.220 x 10-3

5.114 × 10-3

4.373 x 10-3

3.171 x 10-3

2.212 x 10-3

1.578 x 10-3

1.391 x l0 -3

1.388 x 10 -3

1.376 x 10 -3

1.326 × 10 -3_

1.312 x 10 -3

1.249 x 10 -3

1.194 x 10 -3

1.121 x 10 -3

1.080 x 10 -3

9.978 x 10 -4

9.213 x 10 -4

8.665 x 10-4

8.239 x 10-4

7.690 x 10-4

7.159 x 10-4

6.664 x 10-4

5.606 x 10-4

5.100 x 10-4

4.671 x 10-4

4.285 x 10-4

3.869 x 10 -4

3.380 x 10 -4

2.873 x 10-4

2.667 x l0 -4

3.971 x 10-4

4.349 x 10-4

4.808 x 10-4

5.228 x 10-4

u/Ve_
4.854 x --10-2

5.138 x 10-2

5.938 x 10-2

6.661 x 10-2

6.934 x 10 -2

5.861 x 10 .2

2.959 x 10 -2

1.793 x 10 .2

2.859 x 10 -2

4.380 x 10 .2

5.816 x 10 -2

7.213 x 10 -2

8.531 x 10-2

9.805 x 10-2

0.110

0.122

0.133

0.144

0.153

0.163

0.172

0.181

0.190

0.197

0.205

0.212

0.219

0.224

0.230

0.236

0.241

0.244

0.980

0.978

0.976

0.973

w/Voo

0.100

0.109

0.122

film

0.153

0.201

0.283

0.325

0.336

0.335

0.333

0.330

0.327

0.323

0.319

0.315

0.311

0.306

0.301

O.296

0.291

0.286

0.281

0.275

0.269

0.264

0.258

0.254

0.249

0.244

0.239

0.235

9.026 x 10 -2

0.102

0.113

0.121

nkT/pocV 2

7.085 x 10 -1

6.751 x 10 -1

6.274 x 10 -1

5.002 x 10 -1

2.990 x 10-1

1.046 x 10-1

2.456 x 10-2

8.289 x 10-3

6.893 x 10-3

6.906 x l0 -3

6.600 x 10-3

6.540 x 10-3

6.21& x 10 -3

5.881 x 10 -3

5.490 x 10-3

5.229 x 10 -3

4.758 x 10 -3

4.303 x 10 -3

3.984 x 10-3

3.696 x 10 -3

3.354 x 10 -3

3.057 x 10 -3

2.743 x l0 -3

2.258 x 10-3

1.999 x 10-3

1.786 x 10-3

1.602 x l0 -3

1.411 x 10-3

1.215 x 10-3

1.031 x 10 -3

9.894 x l0 -4

2.039 x 10 -2

2.314 x l0 -2

2.657 x 10 -2

2.944 x 10-2
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OOO

0.8067

0.8133

O.8200

0.8267

0.8333

O.84OO

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

O.9267

z/L
0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

n/no

5.565× 10-4

51755x 10-4

5.918× 10-4

5.989x 10-4

6.157x 10-4

6.384x 10-4

8.670x 10-4

1.759x 10-3

2.391x 10-3

2.206x lO-3

2.011x 10-3

2.015x 10-3

2.224x 10-3

2.714 x 10-3

3.366 x 10-3

4.100 x 10-3

4.639 x 10-3

4.952 x 10 -3

5.095 x 10 -3

5.079 x 10 -3

4.927 x 10 -3

4.269 x 10 -3

2.752 x 10-3

1.703 x 10 -3

1.385 x 10-3

1.308 x 10-3

1.253 × 10-3

1.230 × 10-3

1.179 x 10-3

1.133 x 10-3

1.055 x 10-3

1.028 x 10 -3

91669 × 10 -4

8.956 × 10 -4

8.336 × 10 -4

7.946 × 10 -4

u/Voo

0.972

0.972

0.971

0.970

0.969

0.960

0.875

0.692

O.597

0.521

0.416

0.298

0.197

0.132

9.139 x 10 -2

7.310 x 10 -2

6.697 x 10 -2

6.766 x 10 -2

7.272 x l0 -2

7.931 x 10 -2

8.629 x 10-2

8.409 x 10 -2

7.304 x 10-2

5.443 x 10-2

4.885 x 10-2

5.706 x 10-2

6.967 x 10-2

8.238 x 10-2

9.458 × 10 -2

0.106

0.118

0.128

0.139

0.149

0.158

0.167

w/Vet

0.128

0.130

0.131

0.134

0.137

0.148

0.229

0.373

0.398

0.345

0.282

0.216

0.167

0.129

0.110

0.104

0.106

0.113

0.121

0.130

0.141

0.173

0.220

0.281

0.321

0.332

0.331

0.328

0.324

0.321

0.317

0.313

0.308

0.303

0.299

0.294

nkT/PooV J
)0

3.188x 10-2

3.322x 10-2

3.461x 10-2

3.536x 10-2

3.692x 10-2

4.235 x 10-2

1.151x I0-l

4.385 x lO-I

7.263x lO-l

7.648x I0-I

7.750x I0-I

7.803 x I0-I

7.864 x I0-I

7.862 x I0-I

7.676 x I0-I

7.461 x i0-I

7.163 x I0-I

6.823x I0-I

6.538x I0-I

6.180 x I0-I

5.708 x 10 -1

4.431 x 10-1

2.241 x 10 -1

8.026 x 10 -2

2.239 x 10 -2

7.864 x l0 -3

6.158 x l0 -3

5.899 x 10-3

5.653 x 10-3

5.414 x 10-3

4.970 x 10 -3

4.853 x 10 -3

4.481 x l0 -3

4.109 x l0 -3

3.723 x 10 -3

3.479 x 10-3
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TableA.2: Flow field variableson symmetryplane,finegrid
(continued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

O.980O

0.9867

O.9933

1.0000

0.6667

9.6733

Q.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.740O

0.7467

0.7533

O.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.820O

0.8267

z/L
0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

n/no

7.425 x 10-4

6.955 x 10-4

6.524 x 10-4

5.983 × 10-4

5.416 × 10 -4

4.876 x 10 -4

4.313 x 10 -4

3.919 x 10 -4

3.522 x 10 -4

3.124 x 10 -4

2.896 x 10 -4

2.600 x 10 -4

2.851 x 10 -4

3.064 x 10 -4

3.351 x 10 -4

3.723 × 10-4

4.148 x 10-4

4.594 x 10 -4

4.992 x 10 -4

5.357 x 10 -4

5.660 x 10 -4

5.981 x 10 -4

8.522 x 10 -4

1.711 x 10 -3

2.348 x 10-3

2.257 × 10-3

2.040 x 10-3

1.980 × 10-3

2.129 x 10-3

2.478 x 10-3

3.076 x 10-3

3.734 x 10 -3

4.307 × 10 -3

4.670 × 10 -3

4.884 x 10 -3

4.980 x 10 -3

u/V_o

0.176

0.184

0.192

0.199

0.206

0.212

0.218

0.225

0.230

0.236

0.241

0.993

0.991

0.988

0.986

0.982

0.979

w/Vo_

0.289

0.284

0.279

0.274

0.269

0.264

0.259

0.254

0.249

0.244

0.239

2.758 x 10-2

4.047 × 10 -2

5.354 x 10 -2

6.712 × 10 -2

8.121 x 10 -2

9.534 x 10 -2

nkT/pooV z
"X3

3.172x 10-3

2.919x 10-3

2.642x 10-3

2.363x 10-3

2.074x 10-3

1.832x 10-3

1.578x 10-3

1.402x 10-3

1.234x i0-3

1.086× 10-3

1.012x 10-3

1.019× 10-2

1.197x 10-2

1.367x 10-2

1.590x lO-2

1.869x 10-2

2.183x 10-2

0.976

0.974

0.972

0.971

0.964

0.868

0.695

0.607

0.545

0.453

0.344

0.242

0.168

0.121

9.581 x 10 -2

8.598 x 10 -2

8.346 × 10 -2

8.688 x lO-2

9.086 x 10-2

0.107

0.116

0.123

0.129

0.139

0.231

0.379

0.410

0.370

0.314

0.252

0.195

0.154

0.129

0.117

0.114

0.117

0.123

0.131

2.502 x 10 -2

2.789 x 10 -2

3.057 x 10 -2

3.298 x 10 -2

3.870 x 10 -2

1.197 x lO-1

4.245 x 10-]

6.892 x 10 -1

7.423 × 10-1

7.499 x lO-1

7.571 × 10-1

7.724 × 10-1

7.666 x 10-]

7.474 x 10-1

7.176 x 10 -1

6.908 × 10 -1

6.503 × 10-1

6.234 × 10-1

6.022 x 10-1



x/L
0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

Table A.2: Flow field variables on symmetry plane, fine grid

(continued).
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z/L
0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

n/n o

5.093 x 10 -3

4:603 × 10 -3

3.500 × 10 -3

2.492 × 10 -3

1.710 x 10 -3

1.305 × 10 -3

1.171 × 10 -3

1.114 × 10 -3

1.076 × 10 -3

1.013 x 10 -3

9.707 x 10-4

9.285 × 10-4

8.678 × 10-4

8.046 × 10-4

7.546 x 10-4

7.187 x 10 -4

6.769 × 10 -4

6.361 x 10 -4

5.931 × 10 -4

5.463 x 10 -4

4.934 x 10 -4

4.239 × 10 -4

3.949 x 10 -4

3.608 × 10 -4

3.251 × 10 -4

2.963 × 10-4

2.325 × 10-4

2.354 × 10-4

2.403 × 10-4

2.440 × 10-4

2.577 × 10 -4

2.733 × 10-4

2.928 × 10 -4

3.213 x 10 -4

3.531 x 10 -4

3.973 × 10 -4

u/V_

9.664 × 10-2

0.107

0.108

9.639 x 10 -2

8.245 × 10 -2

7.696 x 10 -2

8.144 x 10 .2

9.135 x 10 -2

0.103

0.114

0.124

0.135

0.144

0.154_

0.162

0.171

0.179

0.187

0.194

0.201

0.207

0.214

0.219

0.226

O.232

0.236

0.999

1.000

0.998

0.998

0.996

0.994

0.990

O.987

0.984

0.981

w/Voo

0.144

0.154

0.171

0.213

0.268

0.308

0.324

0.326

0.322

0.318

0.314

0.310

0.306

0.301

0.297

0.292

0.287

0.283

0.278

0.273

0.268

0.263

0.258

0.253

0.248

0.244

3.847 × 10-3

7.371 x 10-3

1.056 x 10.2

1.559 x 10.2

2.282 x 10.2

3.347 x 10-2

4.573 x 10 .2

5.846 × 10 -2

7.340 x 10.2

8.809 x 10 -2

nkT/PooV
_3

5.799 x 10 -1

4.877 x 10 -1

3.476 × 10 -1

2.010 x 10 -1

8.362 x 10-2

2.879 x 10-2

9.474 x 10-3

4.850 × 10 -3

4.979 × 10-3

4.583 x 10 -3

4.450 x 10 -3

4.196 x 10 -3

3.857 x 10 -3

3.519 × 10 -3

3.229 x 10 -3

3.002 x 10 -3

2.761 × 10 -3

2.537 × 10-3

2.300 × 10-3

2.063 × 10-3

1.821 × 10-3

1.517 x 10 -3

1.395 × 10-3

1.241 x 10-3

1.101 × 10 -3

1.000 x 10 -3

7.847 × 10 -3

8.067 x 10 -3

8.465 x 10 -3

8.883 × 10 -3

9.642 x 10 -3

1.097 x 10 -2

1.251 × 10 -2

1.456 × 10 -2

1.692 x 10 -2

2.020 × 10 -2
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(continued).
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0.7333
0.7400
0.7467
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000 I

0.80671

0.81331

0.8200 I

0.8267

0.8333

O.84O0

0.8467

z/L
0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

"n/n o

4.381 x IF

5.020 × 10 -4

7.101 x 10 -4

1.592 x 10 -3

2.355 x 10 -3

2.288 x 10 -3

2.063 x 10 -3

1.986 x 10 -3

2.028 x 10 -3

2.316 x 10 -3

2.796 x 10 -3

3.382 x 10 -3

3.955 x 10 -3

4.417 x 10 -3

4.686 x 10 -3

4.849 x 10 -3

4.760 x 10 -3

4.504 x 10 -3

0.853310.1800
I

0.8600 0.1800

0.8667 I 0.1800

0.8733 I 0.1800

0.8800 I 0.1800

0.8867 0.1800
0.8933 0.1800

0.9000 0.1800
0.9067 0.1800

0.9133 0.1800

0.9200 0.18001

0.9267 0.1800

0.9333 0. I800

0.9400 0.1800

0.9467 0.1800

0.9533 0.I800

0.9600 10.1800

0.966_0.1800

4.103 × 10 -3

3.439 x 10 -3

2.551 × 10 -3

1.726 × 10 -3

1.294 × 10 -3

1.065 x 10 -3

9.932 × 10 -4

9.098 x 10 -4

8.898 x 10 -4

8.404 × 10 -4

7.854 × 10 -4

7.333 × 10 -4

6.896 × 10 -4

6.489 × 10 -4

6.174 × 10-4

5.784 × 10-4

5.394 x 10-4

4.961 × 10-4

u/V_

0.978

0.965

0.871

0.694

0.613

0.559

0.482

0.378

0.282

0.201

0.150

0.119

0.105

9.927 x 10-2

9.900 x 10-2

0.102

0.112

0.122

0.125

0.126

0.121

0.111

0.103

0.103

0.111

0.120

0.130

0.140

0.149

0.158

0.166

0.175

0.182

0.190

0.196

0.203

w/Voo

0.101

0.122

0.222

0.381

0.422

0.389

0.341

0.280

0.223

0.177

0.146

0.129

0.122

0.121

0.125

0.136

0.144

0.147

0.150

0.164

0.195

0.243

0.288

0.314

0.317

0.315

0.312

0.308

0.303

0.300

0.295

0.290

0.286

0.281

0.276

0.272

3.216 × 10-2

1.031 x 10-1

3.984 x 10 -1

6.694 x 10 -1

7.266 x 10 -1

7.340 x 10 -1

7.490 x 10 -1

7.482 × 10 -1

7.411 x 10 -1

7.157 x 10 -1

6.874 x 10 -1

6.511 × 10 -1

6.261 × 10-1

6.006 × 10-1

5.728 × 10-1

5.217 × 10-1

4.698 x 10-1

4.156 x 10-1

3.290 × 10-1

2.119 x 10-1

1.028 x 10-1

3.919 × 10-2

1.175 × 10-2

6.568 × 10-3

4.252 x 10-3

3.985 x 10 -3

3.643 × 10 -3

3.351 × 10 -3

3.085 × 10 -3

2.825 x 10 -3

2.579 × 10 -3

2.403 x 10 -3

2.193 × 10-3

1.992 x 10-3

1.783 × 10-3
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TableA.2: Flow fieldvariableson symmetryplane,finegrid
(continued).

x/L
0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

z/L
0.1800

0.1800

0.1800

0.1800

0.1800

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

n/no

4.275 x 10 -4

3:965 x 10 -4

3.635 x 10 -4

3.332 × 10 -4

2.995 x lO -4

2.262 x 10 -4

2.260 x 10 -4

2.260 x 10 -4

2.261 x 10 -4

2.264 x 10-4

2.294 x 10-4

2.343 x 10-4

2.403 x 10 -4

2.452 x 10-4

2.584 x 10 -4

2.765 x lO -4

2.995 x 10 -4

3.433 x 10 -4

5.884 x 10 -4

1.413 x 10 -3

2.187 x 10-3

2.256 x 10-3

2.074 × 10-3

1.936 x lO-3

t.953 x 10-3

2.154 x 10 -3

2.525 x lO -3

3.053 x lO -3

3.579 x lO -3

4.038 x 10 -3

4.379 x 10 -3

4.469 x 10 -3

4.397 x 10 -3

4.233 x 10 -3

4.090 × I0 -3

3.832 × 10 -3

u/V 
0.209

0.215

0.221

0.227

0.232

1.000

1.000

0.999

0.999

0.999

0.999

0.998

0.997

0.997

0.995

0.993

0.991

0.975

w/V_

0.266

0.262

0.257

0.253

0.248

1.103× 10-3

1.415x 10-3

2.009x 10-3

2.822x 10-3

4.110x 10-3

5.683x 10-3

8.772x 10-3

1.286× 10-2

1.705× 10-2

2.527x 10-2

3.488× 10-2

4.772x 10-2

7.545× 10-2

0.849

0.667

0.607

0.567

0.501

0.414

0.319

0.234

0.179

0.142

0.123

0.115

0.113

0.119

0.126

0.131

0.135

0.140

0.217

O.4O2

0.435

0.410

O.368

0.310

0.252

O.2O2

0.167

0.143

0.133

0.131

0.133

0.139

0.144

0.146

0.146

0.149

nkT/PooV_

1.500 x 10 -3

1.371 x 10-3

1.237 x 10 -3

1.102 x 10 -3

9.757 × 10-4

7.427 x 10-3

7.473 x 10-3

7.481 x 10-3

7.497 x 10-3

7.598 x 10-3

7.778 x 10 -3

8.122 x 10 -3

8.562 x 10-3

9.005 x 10-3

9.947 x 10 -3

1.120 x 10 -2

1.288 x 10 -2

2.018 x 10 -2

9.691 x 10 -2

3.731 x 10 -1

6.202 x 10 -1

6.928 x 10 -1

7.054 × 10-1

7.116 x 10-1

7.069 x 10-1

7.011 × 10 -1

6.788 × 10 -1

6.563 x 10 -1

6.187 × 10 -1

5.841 x 10-1

5.565 x 10-1

5.125 x 10-1

4.693 x 10-1

4.326 x 10-1

4.063 × 10-1

3.705 x 10 -1
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TableA.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

O.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

z/L n/no

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

3.361 x 10-3

2.732 x 10-3

2.001 x 10-3

1.431 x 10-3

1.060 x 10-3

9.116 x 10-4

8.269 x 10-4

7.606 × 10-4

7.095 x 10-4

6.584 × l0 -4

6.281 x 10 -4

5.971 x 10 -4

5.636 x l0 -4

5.284 x 10-4

4.902 x 10 -4

4.508 x 10 -4

4.070 x 10 -4

3.750 x 10 -4

3.407 x 10 -4

3.085 x 10 -4

2.264 x 10 -4

2.247 x 10 -4

2.255 x 10 -4

2.272 x 10 -4

2.264 x 10 -4

2.277 x 10 -4

2.280 x 10 -4

2.291 x 10 -4

2.290 x l0 -4

2.306 x 10 -4

2.329 x l0 -4

2.371 x 10-4

2.416 x 10-4

2.648 x 10-4

4.702 x 10 -4

1.259 x l0 -3

u/V_

0.143

0.144

0.138

0.132

0.129

0.131

0.138

0.146

0.154

0.162

0.170

0.178

0.185

0.192

0.198

0.20-5

0.211

0.216

0.222

0.227

1.001

1.000

1.000

1.000

1.000

1.001

1.001

1.001

1.000

1.000

0.999

0.998

0.998

0.977

0.818

0.636

w/Vo¢

0.156

0.173

0.206

0.245

0.279

0.299

0.306

0.304

0.301

0.297

0.293

0.289

0.284

0.280

0.275

0.27O

0.266

0.261

0.257

0.252

-3.716 x 10 -5

1.072 x 10 -4

6.867 x 10.4

1.541 x 10-3

2.136 x 10-3

1.550 x 10-3

1.083 × 10-3

1.268 x 10-3

1.748 x 10-3

2.836 x 10 -3

4.790 x 10 -3

8.249 x 10 -3

1.103 x 10-2

4.082 x 10 -2

0.216

0.416

nkT/PcoV_

3.131 × 10 -1

2.339 x 10 -1

1.407 × 10 -1

7.240 x 10 -2

3.218 x 10 -2

1.358 x 10 -2

6.152 x 10 -3

3.941 × l0 -3

3.103 x 10 -3

2.675 x l0 -3

2.4,36 x 10-3

2.2.66 x l0 -3

2.096 x l0 -3

1.920 x 10-3

1.742 x 10-3

1.556 x 10-3

1.374 x l0 -3

1.251 × 10-3

1.104 x 10-3

9.811 x 10-4

7.468 x 10-3

7.408 x 10 -3

7.429 x i0 -3

7.516 x 10 -3

7.542 x 10 -3

7.560 x 10 -3

7.586 x 10 -3

7.630 x 10 -3

7.670 x 10 -3

7.768 x 10-3

7.934 x 10-3

8.251 x 10-3

8.480 x 10-3

1.577 × 10-2

9.475 x 10-2

3.584 x l0 -1



TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

293

x/L z/L

0.7733 0.1933

0.7800 0.1933

0.7867 0.1933

0.7933 0.1933

0.8000 0.1933

0.8067 0.1933

0.8133 0.1933

0.8200 0.1933

0.8267 0.1933

0.8333 0.1933

0.8400 0.1933

0.8467 0.1933

0.8533 0.1933

0.8600 0.1933

0.8667 0.1933

0.8733 0.1933

0.8800 0.1933

0.8867 0.1933

0.8933 0.1933

0.9000 0.1933

0.9067 0.1933

0.9133 0.1933

0.9200 0.1933

0.9267 0.1933

0.9333 0.1933

0.9400 0.1933

0.9467 0.1933

0.9533 0.1933

0.9600 0.1933

0.9667 0.1933

0.9733 0.1933

0.9800 0.1933

0.9867 0.1933

0.9933 0.1933

1.0000 0.1933

0.6667 0.2000

n/no

2.015x 10-3

2.134x 10-3

2.022x 10-3

1.888x 10-3

1.869× lO-3

1.999× lO-3

2.279x 10-3

2.722x lO-3

3.257x 10-3

3.711x 10-3

3.996x 10-3

4.083x lO-3

4.098x lO-3

4.023x 10-3

3.884x 10-3

3.752x 10-3

3.517x 10-3

3.278x 10-3

2.807x 10-3

2.246x 10-3

1.696x 10-3

1.275x 10-3

1.002x 10-3

8.130x lO-4

7.036x lO-4

6.203x 10-4

5.843x 10-4

5.496× 10-4

5.178x 10-4

4.820 x 10 -4

4.491 x 10 -4

4.084 x 10 -4

3.696 x 10 -4

3.402 x 10-4

3.089 x 10 -4

2.235 x 10 -4

u/Voo

0.587

0.561

0.509

0.433

0.347

0.264

0.204

0.163

0.139

0.130

0.128

0.132

0.137

0.140

0.145

0.148

0.155

0.158

0.162

0.163

0.160

0.156

0.155

0.157

0.161

0.167

0.174

0.181

0.188

0.194

0.200

0.206

0.212

0.217

0.223

1.001

w/V_

0.454

0.431

0.390

0.338

0.279

0.229

0.188

0.161

0.147

0.139

0.140

0.141

0.144

0.144

0.146

0.146

0.147

0.150

0.157

0.169

0.196

0.228

0.254

0.273

0.283

0.289

0.288

0.286

O.282

0.279

0.274

0.269

0.265

0.260

0.256

-l.501 x 10-4

nkT/p_V z

5.750x 10-I

6.408 x 10-1

6.611 x 10 -1

6.673 x 10-1

6.649 x 10-1

6.501 x 10-1

6.299 x 10-1

6.059 x 10-1

5.783 x 10 -1

5.438 x 10 -1

5.063 x 10 -1

4.657 x 10 -1

4.322 x 10 -1

4.044 x 10 -1

3.786 x 10 -1

3.555 x 10 -1

3.226 x 10 -1

2.922 x 10-1

2.409 x 10-1

1.814 x 10-1

1.174 x 10-1

6.743 x 10-2

3.666 x 10-2

1.893 x 10-2

1.051 x 10-2

5.573 x 10-3

3.828 x 10-3

2.445 × 10-3

2.312 x 10-3

1.764 × 10 -3

1.493 x 10 -3

1.343 x 10 -3

1.219 x 10 -3

1.148 x 10 -3

9.924 x 10 -4

7.386 x 10 -3
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TableA.2: Flowfield variableso11 symmetry plane, fine grid
(continued).

xlL I zIL
I

0.6733 i 0.2000

0.6800 0.2000
0.6867 0.2000

0.6933 0.2000

0.7000 0.2000

0.7067 0.2000

0.7133 0.2000

0.7200 0.2000

0.7267 0.2000

0.7333 0.2000

0.7400 0.2000

0.7467 0.2000

0.7533 10.2000

0.7600 10.2000

0.7667 I 0.2000

0.7733 0.2000

0.7800 0.2000

0.786710.2000

0.7933 0.2000

0.8000[0.2000
0.8067 10.2000

0.8133 0.2000

0.8200 0.2000

0.826710.2000

0.833310.2000

0.8400 0.2000

0.8467 0.2000

0.8533 0.2000

0.8600 0.2000
0.8667 0.2000

0.873310.2000

0.880010.2000

0.8867 0.2000

0.8933 0.2000

0.9000 0.2000

0.9067 0.2000

n/no

2.232 x 10 -_

2.237 x 10 -4

2.234 × 10 -4

2.248 x 10 -4

2.253 x 10 -4

2.249 × 10 -4

2.248 x 10 -4

2.241 x 10 -4

2.238 x 10 -4

2.244 × 10 -4

2.258 x 10 -4

2.262 x lO -4

2.258 × lO ±4

2.405 x 10 -4

4.641 x 10-4

1.186 x 10-3

1.826 x 10-3

1.996 × 10-3

1.924 x 10-3

1.805 x 10-3

1.785 × 10-3

1.870 x 10-3

2.097 × 10-3

2.466 × 10-3

2.897 x 10 -3

3.304 × 10-3

3.563 x 10 -3

3.754 x lO -3

3.834 × 10 -3

3.756 x lO -3

3.633 x 10 -3

3.496 x lO -3

3.388 x 10 -3

3.238 × lO -3

3.059 × 10 -3

2.782 × 10 -3

u/V_

1.001

1.001

1.001

1.000

1.000

1.001

1.001

1.000

1.001

1.001

1.001

1.000

1.002

0.977

0.771

0.593

0.570

0.552

0.512

0.449

0.366

0.290

0.230

0.184

0.160

0.148

0.145

0.145

0.148

0.150

0.155

0.158

0.162

0.167

0.172

0.175

w/V_

-1.132 x 10 ±4

-5.556 x 10 -5

-2.686 x 10 -5

3.032 x 10 -4

2.765 x 10 -5

2.153 x 10 -4

3.941 x 10 -4

5.555 x 10 -4

7.197 x 10 -4

9.717 x 10 -4

1.756 x 10 -3

1.655 x 10 -3

3.060 x 10-4

2.483 x 10 -2

0.237

0.440

0.467

0.451

0.414

0.365

0.304

0.250

0.207

0.178

0.160

0.150

0.146

0.144

0.144

0.144

0.145

0.145

0.145

0.145

0.144

0.144

nkT/p_V 2

7.392 x 10-3

7.388 x 10-3

7.433 x 10-3

7.462 x 10-3

7.475 x 10-3

7.463 x 10-3

7.459 x 10-3

7.438 x 10-3

7.430 x 10-3

7.483 x 10-3

7.465 x 10-3

7.165 x 10-3

1.478 x 10-2

1.115 × 10-1

3.628 x 10 -1

5.346 x 10-1

5.890 x 10 -1

6.124 x 10 -1

6.137 x 10 -1

6.162 x 10 -1

6.Q52 x 10 -1

5.876 x 10 -1

5.612 x lO -1

5.277 x 10 -1

4.901 x 10 -1

4.548 x 10 -1

4.250 x 10 -1

4.004 x 10 -!

3.731 x 10 -1

3.467 x 10-1

3.229 x 10 -1

3.037 x 10-1

2.830 x 10-l

2.619 x lO-1

2.345 x lO-1
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TableA.2: Flowfield variables on symmetry plane, fine grid
(continued).

x/L
0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

O.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

O.7O00

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OOO

0.8067

z/L
0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

O.2000

0.2000

0.2O0O

0.2000

O.2OOO

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

n/n o

2.454 x 10 -:_

2.111 x 10 -3

1.734 x 10 -3

1.367 x 10 -3

1.054 x 10 -3

8.727 x 10 -4

6.989 x 10-4

6.284 x 10-4

5.365 x 10-4

4.931 x 10-4

4.385 x 10 -4

3.996 x 10 -4

3.583 × 10 -4

3.352 x 1054

2.235 x 10 -4

2.237 x 10 -4

2.230 x 10 -4

2.223 x 10-4

2.240 x l0 -4

2.233 x 10-4

2.231 x 10-4

2.244 x 10-4

2.228 x 10 -4

2.227 x 10 -4

2.245 x l0 -4

2.237 x 10 -4

2.259 x 10 -4

2.226 x 10 -4

2.267 x 10 -4

2.488 x 10 -4

4.982 x 10 -4

1.186 x 10 -3

1.723 x 10 -3

1.882 x l0 -3

1.827 x 10 -3

1.731 x 10 -3

u/Voo

0.180

0.180

0.182

0.182

0.184

0.183

0.185

0.189

0.194

0.199

0.203

0.208

0.213

0.218

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.001

0.998

0.942

0.728

w/Vo_

0.146

0.153

0.158

0.178

0.194

0.216

0.234

0.245

0.255

0.256

0.258

0.254

0.251

0.246

3.027 x 10-4

6.319 x 10-5

-6.891 x 10-5

-4.576 x 10-5

3.695 x l0 -6

1.218 x 10 -4

2.665 x 10 -4

3.683 x 10 -4

3.711 x 10 -4

4.839 x l0 -4

5.206 x 10-4

5.995 x 10-4

1.026x 10-3

1.079 x 10 -3

3.406 x 10-3

5.373 x 10 -2

0.262

nkT/PooV _

2.040 x 10 -1

1.666 x 10 -1

1.311 x 10 -1

9.217 × 10 -2

6.343 x 10 -2

4.292 x 10 -2

2.695 x 10 -2

1.843 × 10 -2

1.168 × 10 -2

8.633 x 10 -3

6.188 × 10-3

5.234 × 10 -3

4.530 x 10 -3

4.405 × 10 -3

7.400 × 10 -3

7.389 x 10 -3

7.369 x 10 -3

7.357 × 10 -3

7.387 × 10 -3

7.375 x 10 -3

7.383 x l0 -3

7.421 x l0 -3

7.374 x 10 -3

7.374 × 10-3

7.429 x i0 -3

7.414 x 10-3

7.453 x 10 -3

7.443 x 10 -3

8.432 × 10 -3

2.574 × 10 -2

1.387 × 10 -1

3.797 x 10 -1

5.209 x 10-1

5.612 x 10-1 /

5.717 x 10-1 l5.700 x 10-1

0.577

0.554

0.541

0.509

0.453

0.437

0.470

0.459

0.427

0.381



TableA.2: Flow fieldvariableson symmetryplane,finegrid
(continued).

296

x/L z/L

0.8133 0.2067

0.8200 0.2067

0.8267 0.2067

0.8333 0.2067

0.8400 0.2067

0.8467 0.2067

0.8533 0.2067

0.8600 0.2067

0.8667 0.2067

0.8733 0.2067

0.8800 0.2067

0.8867 0.2067

0.8933 0.2067

0.9000 0.2067

0.9067 0.2067

0.9133 0.2067

0.9200 0.2067

0.9267 0.2067

0.9333 0.2067

0.9400 0.2067

0.9467 0.2067

0.9533 0.2067

0.9600 0.2067

0.9667 0.2067

0.9733 0.2067

0.9800 0.2067

0.9867 0.2067

0.9933 0.2067

1.0000 0.2067

0.6667 0.2133

0.6733 0.2133

0.6800 0.2133

0.6867 0.2133

0.6933 0.2133

0.7000 0.2133

0.7067 0.2133

n/no

1.684 x 10-3

1.741 x 10-3

1.917 x 10-3

2.226 x 10-3

2.625 x 10 -3

2.969 x 10 -3

3.248 x 10 -3

3.449 x 10 -3

3.560 x 10 -3

3.524 x 10 -3

3.409 x 10 -3

3.311 x 10 -3

3.189 x 10 -3

3.045 x 10 -3

2.894 x 10 -3

2.728 x 10-3

2.573 x 10-3

2.413 x 10 -3

2.197 × 10-3

1.975 × 10 -3

1.760 x 10 -3

1.554 x 10 -3

1.367 x 10 -3

1.200 x l0 -3

1.042 x l0 -3

9.067 x 10 -4

7.943 x l0 -4

7.027 x 10-4

6.367 x 10-4

2.243 x 10-4

2.245 x 10-4

2.241 x 10_ 4

2.236 x l0 -4

2.239 x 10-4

2.230 x 10 -4

2.231 x 10 -4

u/V_

0.383

0.312

0.249

O.205

0.178

0.166

w/V_

0.326

0.273

0.226

0.193

0.171

0.157

0.159

0.156

0.157

0.159

0.163

0.165

0.170

0.174

0.177

0.183

0.186

0.190

0.194

0.196

0.199

0.201

0.202

0.205

0.208

0.211

0.213

0.216

0.218

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.150

0.147

0.144

0.144

0.144

0.143

0.145

0.144

0.143

0.141

0.139

0.137

0.134

0.133

0.133

0.136

0.140

0.144

0.149

0.154

0.158

0.154

0.151

4.341 x 10 -4

2.596 x 10 -4

1.163 x 10 -4

2.014 x 10 -4

1.827 x 10 -5

4.728 x 10 -5

6.508 × 10 -5

nkT/p_V Z

5.636 x 10 -1

5.527 x 10 -1

5.362 x 10 -1

5.160 × 10 -1

4.887 x 10 -1

4.568 x 10 -1

4.225 x 10_-1

3.957 x 10 -1

3.708 × 10 -1

3.466 x 10 -1

3.189 × 10 -1

2.981 x 10 -1

2.795 × 10 -1

2.577 x 10 -1

2.401 x 10 -1

2.246 x 10 -1

2.093 x 10 -1

1.940 x 10-1

1.740 × 10 -1

1.540 x 10 -1

1.371 x 10 -1

1.172 × 10 -1

1.003 × 10 -1

8.442 x 10 -2

7.066 x 10 -2

5.770 × 10-2

4.870 × 10-2

4.308 x 10 -2

3.928 x 10-2

7.420 x 10-3

7.406 x 10 -3

7.389 x 10 -3

7.392 × 10 -3

7.376 x 10 -3

7.348 × 10 -3

7.356 x 10 -3
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.84001

0.8467

0.8533

0.8600

0.86671

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

z/i
0.2133

!0.2133

i0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

n/n o

2.243 x 10-4

2.229 x 10-4

2.233 x 10 -4

2.241 x 10 -4

2.233 x 10 -4

2.232 × 10 -4

2.237 x 10 -4

2.239 x 10 -4

2.251 × 10 -4

2.624 x 10 -4

5.678 x 10-4

1.222 x 10-3

1.663 × 10-3

1.790 × 10-3

1.753 × 10 -3

1.665 x 10-3

1.608 x 10-3

1.657 x 10 -3

1.791 x 10 -3

2.032 × 10 -3

2.322 x 10 -3

2.637 × 10 -3

2.925 × 10 -3

3.163 × 10 -3

3.238 × 10 -3

3.236 x 10-3

3.194 × 10-3

3.115 x 10-3

3.002 x 10 -3

2.887 × 10 -3

2.754 × 10 -3

2.590 × 10 -3

2.456 × 10 -3

2.304 × 10 -3

2.180 x 10 -3

2.049 x 10 -3

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.993

0.917

0.682

0.555

0.541

0.534

0.507

0.460

0.397

0.329

0.270

0.225

0.200

0.182

0.174

0.169

0.168

0.170

0.172

0.174

0.178

0.181

0.185

0.189

0.192

0.196

0.200

0.203

w/Voo
4.045 x 10 -5

4.057 x 10 -5

5.665 x 10 -5

-7.094 x 10-5

-1.139 x 10 -4

3.372 x 10 .4

4.773 x 10 -4

1.465 x 10 -a

5.880 x 10 -3

7.290 x 10 -2

0.291

0.442

0.469

0.462

0.435

0.393

0.344

0.289

0.242

0.206

0.183

0.167

0.157

0.150

0.148

0.145

0.144

0.144

0.144

0.142

0.141

0.139

0.137

0.135

0.131

0.128

nkT/PooV2oo

7.400 × 10-3

7.361 x 10-3

7.386 x 10-3

7.418 x 10-3

7.390 x 10 -3

7.421 x 10-3

7.396 x 10 -3

7.525 x 10 -3

9.382 × 10 -3

3.491 x 10 -2

1.761 x 10 -1

4.083 × 10 -1

5.181 x 10 -1

5.382 × I0 -1

5.422 x 10 -1

5.360 × 10-1

5.259 x 10-1

5.199 × 10-1

5.015 x 10-1

4.785 x 10-1

4.447 x 10 -1

4.163 x 10 -1

3.879 x 10 -1

3.680 x 10 -1

3.379 x 10 -1

3.155 x 10-1

2.949 × 10 -1

2.755 × 10-1

2.547 × 10-1

2.399 x 10-1

2.231 × 10 -1

2.069 x I0 -1

1.928 x 10 -1

1.788 x 10-1

1.676 × 10-1

1.565 x 10-1
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x!L [
10.9533 /

0.9600 /
0.9667 /

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0:7000

0.7067

0.7133

0.720O

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000i

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

n/n o

1.923 x 10-3

1:799 x 10-3

1.710 x 10-3

1.576 x 10-3

1.475 x 10-3

1.362 × 10 -3

1.269 x 10 -3

1.179 x 10 -3

2.239 x 10 -4

2.238 × 10 -4

2.244 × 10 -4

2.248 x 10 -4

2.232 × 10 -4

2.234 x 10 -4

2.237 x 10 -4

2.232 x lO -4

2.237 x lO -4

2.237 x lO -4

2.241 × 10 -4

2.245 x 10 -4

2.251 x lO -4

2.257 x 10-4

2.267 x 10-4

2.265 x lO-4

2.298 x 10-4

2.962 × 10-4

6.476 × 10-4

1.245 × 10-3

1.594 x 10-3

1.684 x iO-3

1.674 x lO-3

1.594 x lO-3

1.547 x lO -3

1.556 x 10 -3

1.648 x lO -3

1.840 x lO -3

u/Voo

0.205

0.209

0.210

0.213

0.216

0.219

0.221

0.223

1.000

1.000

1.000

1.000

1.000

1.O00

1.ooo

1.060

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.000

0.989

0.867

0.632

0.542

0.533

0.529

0.506

0.466

0.412

0.348

0.292

0.251

w/Voo

0.124

O.121

0.119

0.114

O.111

0.109

0.103

9.800 x 10-2

2.377 x lO-4

9.504 x 10.5

1.130 x 10.4

1.818 x 10-4

3.105 x 10-5

-1.491 x 10-4

-2.655 x 10.4

-3.599 x 10.4

-3.960 x 10.6

-1.148 x 10.4

-1.105 x 10.4

5.440 x 10 .4

-4.627 x 10-4

2.447 × 10 .4

2.682 x 10 -5

-1.837 x 10 .4

1.074 × 10 .2

0.114

0.331

0.439

0.468

0.463

0.440

0.402

0.356

0.302

0.257

0.221

nkT/pocV_cx_

1.467 x 10-1

1.361 × 10-1

1.292 x 10-1

1.188 x 10 -1

1.105 x 10 -1

1.015 × 10 -1

9.407 x 10 -2

8.732 × l0 -2

7.385 x 10 -3

7.391 x 10 .3

7.411 x 10 -3

7_422 × 10 -3

7.382 x 10-3

7.372 x 10-3

7.372 x 10-3

7.358 x 10-3

7.388 x 10 -3

7.387 x l0 -3

7.399 x 10 -3

7.428 x 10-3

7.447 × 10-3

7.456 × 10-3

7.530 x 10-3

7.455 x 10-3

1.116 x 10-2

5.366 x 10-2

2.188 x 10 -1

4.271 x 10 -1

5.060 x I0 -1

5.133 x 10-1

5.115 × 10-1

5.046 x 10-1

4.958 x l0 -]

4.804 x l0 -1

4.595 × 10-1

4.429 x 10-1
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

O.96OO

O.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

z/L
0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

O.2267

n/n o

2.091 x 10-3

2:375 x 10-3

2.640 x 10-3

2.860 x 10 -3

2.992 x 10-3

3.010 x l0 -3

3.023 × 10 -3

2.933 × 10 -3

2.878 x 10 -3

2.732 x 10 -3

2.630 x l0 -3

2.486 x 10-3

2.341 x 10-3

2.198 x 10-3

2.077 x 10-3

1.969 x 10-3

1.866 x 10-3

1.745 x l0 -3

1.642 x 10 -3

1.550 x 10 -3

1.465 x 10 -3

1.391 × 10 -3

1.303 x 10 -3

2.219 x 10 -4

2.232 × 10-4

2.242 × 10-4

2.243 × 10 -4

2.220 × 10-4

2.227 x 10-4

2.232 x 10-4

2.228 × 10 -4

2.235 x l0 -4

2.229 x 10-4

2.227 x 10 -4

2.244 x 10 -4

2.224 x l0 -4

u/Vo¢

0.218

0.198

0.187

0.182

0.180

0.179

0.179

0.181

0.184

0.188

0.191

0.195

0.199

0.203

0.205

0.207

0.210

0.212

0.217

0.219

0.221

0.224

0.227

1.000

0.999

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Voo

0.194

0.175

0.162

0.154

0.149

0.146

0.144

0.142

0.141

0.139

0.138

0.137

0.135

0.132

0.129

0.127

0.123

0.120

0.117

0.114

0.110

0.106

0.102

-1.401 x lO-4

-1.933 x 10 .4

-1.371 x 10 .4

-3.507 x 10 -5

-1.241 × 10 -4

5.374 x 10 -5

1.012 x 10 -4

-4.436 x 10-5

-5.190 x 10-4

-3.909 x 10 .4

-3.300 x 10 -4

-9.143 x 10-4

-3.629 x 10 -4

nkT/pc_V

4.138 x 10 -1

3.876 x I0-I

3.636 x I0-I

3.372 x I0-I

3.188x I0-I

2.949x I0-I

2.770x I0-I

2.557 x i0-I

2.429x I0-I

2.221 x I0-I

2.107 x I0-l

1.941x I0-I

1.790x I0-I

1.656x lO-I

1.549x I0-I

1.450x I0-I

1.368x I0-I

1.271x lO-I

1.186x I0-l

l.ll7x I0-I

1.055× I0-I

9.995x 10-2

9.261× 10-2

7.335x 10-3

7.392x lO-3

7.424x 10-3

7.414x 10-3

7.368x lO-3

7.368x 10-3

7.376x 10-3

7.387× 10-3

7.371 x 10 -3

7.347 x 10-3

7.339 x i0 -3

7.389 × 10 -3

7.349 x 10-3
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TableA.2: Flow fieldvariableson symmetryplane,finegrid
(continued).

x/L z/L

0.7533 0.2267

0.7600 0.2267

0.7667 0.2267

0.7733 0.2267

0.7800 0.2267

0.7867 0.2267

0.7933 0.2267

0.8000 0.2267

0.8067 0.2267

0.8133 0.2267

0.8200 0.2267

0.8267 0.2267

0.8333 0.2267

0.8400 0.2267

0.8467 0.2267

0.8533 0.2267

0.8600 0.2267

0.8667 0.2267

0.8733 0.2267

0.8800 0.2267

0.8867 0.2267

0.8933 012267

0.9000 0.2267

0.9067 0.2267

0.9133 0.2267

0.9200 0.2267

0.9267 0.2267

0.9333 0.2267

0.9400 0.2267

0.9467 0.2267

0.9533 0.2267

0.9600 0.2267

0.9667 0.2267

0.9733 0.2267

0.9800 0.2267

0.9867 0.2267

n/no

2.245x 10-4

T231 x 10-4

2.242x 10-4

2.235x 10-4

2.359x 10-4

3.313 x lO-4

7.400x lO-4

1.277x 10-3

1.538x 10-3

1.618x 10-3

1.616x 10-3

1.547x 10-3

1.491x 10-3

1.481x 10-3

1.538x 10-3

1.677x 10-3

1.892x 10-3

2.119x lO-3

2.372x lO-3

2.589x lO-3

2.726x 10-3

2.804x lO-3

2.814x lO-3

2.790× 10-3

2.702x 10-3

2.609x 10-3

2.502× 10-3

2.377x 10-3

2.265x 10-3

2.137 x 10-3

2.007x 10-3

1.891x lO-3

1.794x 10-3

1.677x lO-3

1.585x 10-3

1.500x 10-3

u/Voo

1.000

1.000

1.000

0.999

0.976

0.830

0.610

0.533

0.531

0.527

0.508

0.472

0.422

0.366

0.314

0.269

0.238

0.216

0.201

0.193

0.190

0.188

0.188

0.189

0.192

0.194

0.197

0.201

0.204

0.208

0.210

0.213

0.215

0.218

0.222

0.224

w/Vo_

-1.458 x 10 -4

1.190 x 10 -4

6.367 x 10 -4

5.878 x 10 -4

1.937 × 10 -2

0.145

0.349

0.441

0.463

0.464

0.442

0.410

0.362

0.312

0.271

0.232

0.204

0.185

0.168

0.159

0.152

0.148

0.143

0.142

0.141

0.138

0.136

0.135

0.132

0.130

0.128

0.125

0.122

0.119

0.116

0.113

7.321 x 10-3

7.387 × 10-3

7.715 × 10-3

1.525 × 10-2

7.157 x 10-2

2.575 × 10-1

4.479 x 10-1

4.970 x 10 -1

4.977 x 10 -1

4.933 x 10 -1

4.810 x 10 -1

4.690 x 10 -1

4.496 x 10 -1

4.298 × 10 -1

4.089 × 10 -1

3.847 x 10 -1

3.579 × 10 -1

3.378 x 10 -1

3.190 x 10 -1

2.953 x 10-1

2.784 × 10-1

2.600 x 10-1

2.444 × 10 -1

2.244 x 10 -1

2.096 x 10 -1

1.966 x 10 -1

1.808 x 10 -1

1.694 x 10 -1

1.569 x 10 -1

1.454 x 10-1

1.359 x 10-1

1.280 x 10-1

1.179 × 10-1

1.110 x 10-1

1.035 x 10-1
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TableA.2: Flowfieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

O.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

z/L
0.2267

0.2267

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

n/no

1.419 × 10 -3

1.330 x 10-3

2.235 x 10-4

2.234 x 10-4

2.238 × 10 -4

2.236 x 10 -4

2.233 x 10 -4

2.240 x 10 -4

2.243 x 10 -4

2.235 x 10 -4

2.243 x 10 -4

2.244 x 10 -4

2.244 x 10 -4

2.244 x 10-4

2.236 × 10-4

2.246 x 10-4

2.246 x 10 -4

2.247 × 10-4

2.234 x 10 -4

2.267 x 10 -4

2.395 x 10 -4

3.783 x 10 -4

8.209 x 10 -4

1.282 × 10-3

1.492 x 10-3

1.568 x 10-3

1.557 x 10 -3

1.505 x I0 -3

1.427 x 10 -3

1.404 x 10 -3

1.442 x 10 -3

1.532 x 10 -3

1.701 x 10-3

1.919 × 10-3

2.122 x 10-3

2.333 × 10 -3

u/V_

0.226

0.229

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.997

0.966

w/Vo_

0.111

0.107

-5.135 x 10 -4

-5.922 x 10-4

-4.238 x 10-4

-2.094 x 10 -4

-3.175 x 10 -4

1.234 x 10 -4

2.661 x 10 -4

-2.079 x 10 -4

1.238 x 10 -4

2.333 x 10 -4

2.255 x 10 -4

1.115 x 10 -4

-3.176 x 10 -4

--5.851 x 10 -4

-2.562 x 10 -4

-6.140 x 10 -4

1.790 x 10 -4

2.079 x 10 -3

2.640 x 10 -2

nkT/p_ V z
30

9.799 x 10 -2

9.108 x 10 -2

7.363 x 10 -3

7.366 x 10 -3

7.371 x 10-3

7.352 x 10 -3

7.362 x 10-3

7.361 x 10 -3

7.367 x 10 -3

7.373 x 10 -3

7.384 x 10 -3

7..385 x 10 -3

7.394 x 10 -3

7.398 x 10 -3

7.373 x 10 -3

7.410 x 10 -3

7.408 x 10 -3

7.391 x 10 -3

7.384 × 10 -3

8.505 × 10 -3

1.834 × 10 -2

0.782

0.576

0.526

0.528

0.524

0.510

0.479

0.436

0.385

0.336

0.294

0.261

0.235

0.219

0.208

0.182

0.371

0.443

0.460

0.457

0.443

0.411

0.370

0.324

0.282

0.243

0.215

0.191

0.175

0.163

9.637 x 10 -2

2.975 x 10-1

4.556 x 10 -1

4.916 × 10 -1

4.875 × 10 -1

4.745 × 10 -1

4.649 × 10 -1

4.391 × 10-1

4.204 x 10-1

4.052 x 10-1

3.794 × 10 -1

3.592 x 10 -1

3.383 x 10 -1

3.170 × 10 -1

2.964 × 10 -1
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

z/L
0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

O.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

n/no

2.505x 10-3

2.584x 10-3

2.618x 10-3

2.598x 10-3

2.549x 10-3

2.484x 10-3

2.381x 10-3

2.304x 10-3

2.182x 10-3

2.072x 10-3

1.948x lO-3

1.857x 10-3

1.764x 10-3

1.655x 10-3

1.579x 10-3

1.489x 10-3

1.415x 10-3

2.242x 10-4

2.241× 10-4

2.243x lO-4

2.249x lO-4

2.253x 10-4

2.251x 10-4

2.245x 10-4

2.246x 10-4

2.249x ]0-4

2.249x 10-4

2.246 x 10-4

2.246x 10-4

2.245x 10-4

2.242x 10-4

2.243x 10-4

2.250x 10-4

2.253× 10-4

2.271x 10-4

2.267x 10-4

u/V_

0.202

0.198

0.198

0.199

0.199

0.202

0.204

0.206

0.209

0.212

0.216

0.217

0.221

0.224

0.226

0.227

0.230

1.000

1.000

1.000

1.O00

1.000

1.O00

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.995

w/Vet

0.156

0.148

0.145

0.141

0.139

0.137

0.135

0.133

0.130

0.127

0.125

0.122

0.120

0.116

0.114

0.110

0.108

-2.879 x 10-4

-4.229 x 10-4

-4.150 x 10 -4

-3.117 x 10 -4

-2.315 x 10 -4

-I.784 x lO -4

-3.509 x 10 -4

-6.799 x 10-4

-6.538 x 10 -4

-6.966 x lO-4

-5.910 x 10-4

-4.053 x 10-4

-5.562 x 10-4

-4.362 x lO-4

-1.823 × 10-4

-1.979 × lO-5

6.957 × 10 -4

4.824 x lO -4

4.791 x lO-3

2.618 x 10-1

2.451 x 10 -1

2.272 x 10-1

2.123 x 10-1

1.974 x 10-1

1.837 x 10-1

1.722 x 10-1

1.606 x 10-1

1.494 x 10-1

1.378 x 10 -1

1.305 x 10 -1

1.224 x 10 -1

11132 x 10 -1

1.070 x 10-1

1.005 x 10-1

9.439 x 10-2

7.369 x 10 -3

7.376 x 10-3

7.386 × 10-3

7.396 x 10-3

7.392 x i0 -3

7.373 x 10 -3

7.363 x 10 -3

7.385 × 10 -3

7.375 × 10 -3

7.383 x 10 -3

7.394 x 10 -3

7.399 × 10 -3

7.387 x 10 -3

7.382 x 10-3

7.388 x 10-3

7.407 x 10-3

7.367 x 10 -3

7.436 × 10 -3

9.131 x 10 -3
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

O.6800

0.6867

z/L
0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.24O0

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2467

0.2467

0.2467

0.2467

n/n o

2.504 x 10 -4

4.281 x 10 -4

8.989 x 10 -4

1.286 x 10 -3

1.451 x 10 -3

1.515 × 10 -3

1.510 x 10 -3

1.464 x 10-3

1.382 x 10 -3

1.348 x 10-3

1.362 x l0 -3

1.425 x 10-3

1.558 x 10-3

1.722 x 10 -3

1.923 x 10 -3

2.109 x 10-3

2.254 x 10-3

2.352 x 10 -3

2.440 × 10 -3

2.433 x 10 -3

2.418 x 10 -3

2.380 x 10 -3

2.305 x 10 -3

2.214 x 10 -3

2.117 x 10-3

2.018 x 10-3

1.917 x 10-3

1.828 × 10-3

1.729 x l0 -3

1.629 x l0 -3

1.560 x 10 -3

1.478 × 10 -3

2.235 x 10 -4

2.239 x 10-4

2.240 x 10 -4

2.242 x 10-4

u/Voo
0.938

0.738

0.564

0.524

O.526

0.524

0.513

0.487

0.452

0.406

0.357

0.315

0.279

0.253

0.235

o.22-2
0.214

0.210

0.207

0.207

0.208

0.208

0.210

0.212

0.215

0.219

0.220

0.222

0.225

0.228

0.229

0.231

1.000

1.000

1.000

1.000

w/Voo
5.177 x 10-2

0.221

O.384

0.44O

0.454

0.454

0.439

0.411

0.377

0.335

0.291

0.256

0.224

0.200

0.181

0.169

0.159

0.152

0.146

0.142

0.138

0.135

0.132

0.130

0.128

0.125

0.123

0.120

0.117

0.115

0.111

0.109

-1.549 × 10 -5

1.149 x 10-5

-2.800 x 10 -4

-5.276 x 10-4

nkT/Poo V2

2.825 x 10-2

1.240 x 10-1

3.299 x 10-1

4.616 × l0 -1

4.844 x 10 -1

4.758 x 10 -1

4.641 x 10 -1

4.456 x 10 -1

4.188 x 10 -1

4.006 x l0 -1

3.786 x 10 -1

3.590 x 10 -1

3.415 x 10 -1

3.181 × 10-1

3.035 × 10-1

2.847 x 10 -1

2.656 x 10-1

2.466 x 10-1

2.338 x 10-1

2.163 x 10-1

2.028 x 10 -1

1.908 x 10 -1

1.770 x 10 -1

1.653 × 10 -1

1.536 × 10 -1

1.435 x 10-1

1.341 x 10-1

1.262 × 10-1

1.173 × I0 -1

1.084 × 10-1

1.038 x 10-1

9.707 x 10-2

7.365 x 10 -3

7.394 x 10-3

7.402 x 10 -3

7.392 x 10 -3
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L z/L n/n o

2.246x 10-v0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

O.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.9267

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

2:240 x 10 -4

2.241 x 10 -4

2.250 x 10 -4

2.244 x 10 -4

2.239 x 10 -4

2.233 x 10 -4

2.230 x 10-4

2.235 x 10-4

2.235 x 10-4

2.234 x 10-4

2.238 x 10-4

2.216 x 10-4

2.216 x 10-4

2.223 x 10-4

2.242 x 10 -4

2.613 x 10 -4

4.913 x 10 -4

9.645 x 10 -4

1.281 x 10 -3

1.404 x 10 -3

1.463 x 10 -3

1.453 x 10 -3

1.402 x 10 -3

1.336 x 10 -3

1.306 x 10 -3

1.302 x 10 -3

1.333 x l0 -3

1.433 x l0 -3

1.551 x 10 -3

1.723 x 10-3

1.889 x l0 -3

2.034 x 10 -3

2.156 x 10 -3

2.239 x 10 -3

2.268 x l0 -3

u/V 
1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.999

0.991

0.914

w/Vo_

-2.585 x i0 -4

-3.630 × 10-4

-4.529 x 10-4

-5.208 x 10-4

-6.762 x 10-4

-9.398 x 10-4

-8.889 x 10-4

-6.346 x 10-4

-6.900 x 10 -4

-4.774 x 10 -4

-1.203 × 10 -4

5.945 x 10-5

-5.596 x 10 -4

3.397 x 10-4

5.302 x 10-4

8.699 x 10-3

7.317 x 10-2

0.700

0.553

0.524

0.528

0.527

0.516

0.499

0.464

0.423

0.381

0.339

0.303

0.275

0.253

0.237

0.228

0.222

0.218

0.216

0.258

0.395

0.437

0.449

0.451

0.437

0.413

0.380

0.339

0.3OO

0.264

0.236

0.209

0.190

0.175

0.163

0.154

0.148

0.143

7.361 x 10 -3

7.374 x 10 -3

7.416 x 10 -3

7.367 x 10 -3

7.360 x 10 -3

7.353 x 10 -3

7.337 x 10 -3

7.340 x 10 -3

7.336 x 10 -3

7.345 x 10 -3

7.383 x 10 -3

7.330 x 10 -3

7.374 x 10 -3

7.524 x 10 -3

1.013 × 10 -2

3.630 x 10 -2

1.536 x 10 -1

3.568 x 10 -1

4.598 x 10 -1

4.738 x 10 -1

4.649 x 10 -1

4.467 × 10 -1

4.219 x 10 -1

4.003 x 10-1

3.823 x 10 -1

3.625 x 10 -1

3.412 x 10 -1

3.219 x 10 -1

3.029 x 10 -1

2.863 × 10 -1

2.695 x 10 -1

2.526 x 10 -1

2.379 x 10 -1

2.227 x 10 -1

2.071 f 10 -1
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.720O

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.820O

0.8267

z/L
0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

O.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

n/n o

2.280 x 10 -3

2_250 x 10 -3

2.202 x 10-3

2.121 x 10-3

2.036 x 10-3

1.963 x 10-3

1.869 x 10-3

1.789 x 10 -3

1.708 x 10 -3

1.628 x 10 -3

1.553 x 10 -3

2.228 x 10 -4

2.233 x 10 -4

2.239 x 10 -4

2.228 x lO -4

2.228 x 10-4

2.227 x 10-4

2.236 x 10-4

2.250 x 10 -4

2.231 x 10 -4

2.228 x l0 -4

2.227 x 10 -4

2.218 x 10 -4

2.225 x 10 -4

2.230 × 10 -4

2.232 × 10 -4

2.234 x l0 -4

2.241 × 10 -4

2.234 x 10 -4

2.223 x l0 -4

2.202 × 10 -4

2.244 x 10 -4

2.801 x I0 -4

5.528 x 10-4

1.019 × 10-3

1.258 x 10-3

u/Voo

0.215

0.216

0.217

0.218

0.221

0.223

0.225

0.226

O.229

0.231

0.233

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

0.990

0.882

0.654

0.542

0.525

w/V_

0.138

0.135

0.132

0.129

0.I26

0.125

0.121

0.119

0.116

0.113

0.109

9.083 x 10-5

2.887 .x 10-4

3.952 x 10-5

-5.926 x 10 -4

-2.458 x 10-4

-2.830 × 10-4

-2.873 × 10 -4

-1.379 × 10 -5

-9.936 × 10 -5

-1.062 x l0 -4

-2.571 x l0 -4

-3.604 × 10-4

-5.132 x 10-4

-3.159 × 10-4

-8.161 × 10-5

-1.243 × 10-6

-1.772 × 10-4

2.406 x 10 -4

2.877 x l0 -4

8.017 x 10-4

9.337 x 10-3

9.932 × 10-2

0.294

0.402

0.436

nkT/pooV_
1.954 x 10 -1

1.810 x 10 -1

1.707 x 10 -1

1.573 x 10 -1

1.469 x i0 -1

1.374 x 10 -1

1.291 x 10 -1

1.213 x 10 -1

1.138 x 10 -I

1.075 x I0 -1

1.004 x 10 -1

7.368 × 10 -3

7.388 x 10 -3

7.407 × 10 -3

7.362 x 10 -3

7.360 x 10 -3

7.348 × 10 -3

7.380 × 10 -3

7.433 x 10 -3

7.341 × 10 -3

7.343 × 10 -3

7.348 x 10 -3

7.292 × 10 -3

7.312 x 10-3

7.322 x 10-3

7.320 × 10-3

7.352 × 10 -3

7.333 × 10 -3

7.354 × 10 -3

7.322 x 10 -3

7.399 × 10-3

1.090 × 10-2

4.810 × 10-2

1.871 × 10-1

3.783 × 10 -!

4.544 × 10 -I
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

O.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

z/L
O.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

O.2533

0.2533

0.2533

0.2533

0.2533

0.2533

O.2533

0.2533

0.2533

0.2533

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

n/no

1.351 × 10 -3

1.399 x 10 -3

1.395 x 10 -3

1.354 x 10 -3

1.296 x 10 -3

1.244 × l0 -3

1.238 x l0 -3

1.258 x l0 -3

1.325 × l0 -3

1.424 × 10-3

1.556 × 10-3

1.696 x 10-3

1.817 x 10-3

1.947 x 10-3

2.053 × 10 -3

2.109 × 10-3

2.136 × 10 -3

2.124 × 10 -3

2.100 x 10 -3

2.043 × l0 -3

1.961 x 10 -3

1.918 × 10 -3

1.839 × l0 -3

1.774 × 10 -3

1.698 x 10-3

1.628 × 10-3

2.233 x l0 -4

2.246 x 10-4

2.253 × 10-4

2.257 × 10-4

2.243 × 10-4

2.238 × 10-4

2.238 x l0 -4

2.242 x 10 -4

2.236 × 10 -4

2.235 x l0 -4

u/V_

0.529

0.530

0.524

0.507

0.478

0.442

0.4O2

0.363

0.326

0.296

0.271

0.255

0.243

0.235

0.229

0.226

0.224

0.224

0.225

0.226

0.227

0.228

0.230

0.231

0.234

0.236

1.000

1.001

1.000

1.000

1.001

1.000

1.000

1.000

1.000

1.000

w/Voo

0.447

O.449

0.435

0.414

O.384

0.347

0.308

0.276

0.242

0.218

0.198

0.181

0.168

0.158

0.150

0.144

0.140

0.135

0.131

0.128

0.127

0.122

0.120

0.117

0.114

0.111

4.234 x 10-4

2.633 x 10-4

2.838 x 10.4

4.189 x 10-4

-2.811 x 10-4

-2.392 x 10-4

-4.097 x 10 -4

-1.101 x 10-3

-2.439 x 10.4

-5.678 x 10 -5

nkT/PooV z

4.583 x 10-1

4.487 × 10-1

4.266 × 10-1

4.065 x 10-1

3.842 x 10-1

3.619 × 10-1

3.441 x 10 -1

3.254 x 10 -1

3.103 x 10 -1

2.909 × 10 -1

2.742 × 10 -1

2.587 x l0 -1

2.380 × l0 -1

2.275 × 10 -1

2.135 x 10 -1

2.005 x 10 -1

1.865 x 10 -1

1.743 x 10 -1

1.636 x 10 -1

1.518 × 10-1

1.406 x 10-1

1.343 x 10-1

1.250 × 10 -1

1.185 x 10 -1

1.117 x 10 -1

1.053 x 10 -1

7.367 x 10 -3

7.396 × 10 -3

7.428 × 10 -3

7.472 × 10 -3

7.384 × 10 -3

7.387 × 10 -3

7.390 x l0 -3

7.374 x l0 -3

7.336 × 10-3

7.364 x 10-3
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TableA.2: Flowfieldvariableson symmetry plane, fine grid
(continued).

x/L
0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

O.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

O.84OO

0.8467

0.8533

O.86OO

0.8667

0.8733

O.88OO

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

z/n
0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

O.260O

0.2600

0.2600

0.2600

0.2600

0.2600

0.26O0

O.260O

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

O.260O

O.26O0

0.2600

n/n o

2.241 x 10 -4

2.255 x 10 -4

2.235 × 10 -4

2.246 x 10-4

2.253 × 10-4

2.225 x 10-4

2.256 × l0 -4

2.251 x 10-4

2.237 x 10-4

2.260 x 10 -4

2.259 x 10 -4

2.315 × 10-4

3.082 x 10 -4

6.266 x l0 -4

1.057 x 10 -3

1.251 × 10 -3

1.320 × 10 -3

1.355 × 10 -3

1.347 x l0 -3

1.307 x 10-3

1.253 x 10-3

1.206 × l0 -3

1.181 x 10-3

1.195 x 10-3

1.226 x 10-3

1.305 × 10 -3

1.405 x 10-3

1.512 x 10 -3

1.629 x 10 -3

1.744 x 10 -3

1.831 × i0 -3

1.909 x l0 -3

1.969 x l0 -3

1.999 × l0 -3

1.985 x l0 -3

1.955 x 10 -3

u/Voo

1.000

1.000

1.000

1.000

1.000

0.999

1.000

0.999

0.999

0.999

0.998

0.978

0.855

0.634

0.539

0.529

0.532

0.534

0.531

0.518

0.494

0.463

0.426

0.386

0.352

0.318

0.294

0.274

0.260

0.249

0.243

0.238

0.234

0.232

0.231

0.232

w/V_
-2.101 x 10 -4

-5.451 x 10-4

-4.687 x 10-4

-2.420 x 10-5

3.412 x 10 -4

1.949 x 10 -4

3.187 x 10 -4

-6.652 x 10-5

9.670 x 10 -5

-7.490 x 10 -4

1.027 x 10 .3

1.707 x 10-2

0.121

0.312

O.4O5

0.432

0.442

0.441

0.431

0.414

0.384

0.352

0.319

0.284

0.254

0.229

0.207

0.189

0.I74

0.164

0.155

0.148

0.141

0.136

0.131

0.127

nkT/Pc_V
3(3

7.390 x 10 -3

7.393 x 10-3

7.377 x 10 -3

7.395 x 10-3

7.392 x 10 -3

7.300 x 10 -3

7.373 x 10 -3

7.393 x 10 -3

7.363 x 10 -3

7.472 x 10 -3

8.058 × 10 -3

1.442 x 10 -2

6.079 x 10 -2

2.168 x 10 -1

3.932 x 10 -1

4.524 x 10 -1

4.520 x 10 -1

4.352 x 10 -1

4.145 × 10 -1

3.922 x 10 -1

3.675 x 10 -1

3.464 x 10 -1

3.267 x 10 -1

3.110 x 10 -1

2.933 x 10 -1

2.777 x 10 -1

2.617 x 10 -1

2.452 x 10 -1

2.308 x 10 -1

2.154 x 10 -1

2.017 x 10 -1

1.898 x 10 -1

1.793 x 10 -1

1.696 x 10 -1

1.583 x 10- !

1.492 x 10 -1
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

O.6733

O.68O0

0.6867

0.6933
i.

0.7900

o.z 67
0.7!33
0.7200

0.7267

O.7333

0.74OO

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OOO

0.8067

0.8133

0.82OO

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

z/L
0.2600

0.2600

0.26OO

0.26OO

0.2600

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

O.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

n/no

1.920 x 10-3_

1.863 × 10-3

1.815 x 10-3

1.736 × 10-3

1.673 × 10-3

2.263 × 10-4

2.251 x 10-4

2.249 x 10 -4

2.249 × 10 -4

2.262 × 10 -4

2.249 x 10 -4

2.249 x 10 -4

2.264 x l0 -4

2.254 × 10 -4

2.250 x 10 -4

2.253 × 10 -4

2.254 x 10 -4

2.238 × 10 -4

2.247 × 10-4

2.252 x 10-4

2.231 x 10-4

2.244 × 10-4

2.249 × 10-4

2.245 × 10-4

2.230 × 10-4

2.250 × l0 -4

2.256 x l0 -4

2.376 × l0 -4

3.374 × 10 -4

6.901 × 10 -4

1.084 × 10 -3

1.229 × 10 -3

1.270 x 10 -3

1.297 × 10 -3

1.297 × l0 -3

1.258 x l0 -3

u/V 
- 0.232- ....

0.233

0.234

0.236

0.238

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

0.999

0.998

0.996

0.972

0.822

0.617

0.541

0.532

0.537

0.536

0.539

0.529

w/Vet

0.125

0.121

0.119

0.115

0.113

-2.860 × 10-4

-1.282 × 10-4

-6.576 x 10-6

-9.835 x 10-5

1.174 × 10 -4

3.514 x 10 -4,

3.569 x l0 -4

7.481 × 10 -5.

-2.779 × 10 -4

3.631 × 10-4

5.187 x 10-4

-3.823 x 10 -4

-1.465 x 10 -4

-1.310 × 10 -4

-2.183 × 10 -4

-7.286 x 10-5

-4.348 x 10-4

-2.243 x 10-4

1.132 × 10 -5

-1.497 × 10-3

1.517 × l0 -5

2.839 × 10 -3

2.397 × 10 -2

0.150

0.329

0.410

0.427

0.439

0.438

0.429

0.414

nkT/pcoV _"
:X3

1.399 × 10 -t

1.315 x 10 -1

1.235 × 10 -1

1.155 x 10 -1

1.086 x 10 -1

7.463 x 10 -3

7.431 x 10 -3

7.431 × 10 -3

7.424 x 10 -3

7.443 × 10 -3

7.437 × 10 -3

7.438 x 10 -3

7.425 x 10 -3

7.447 x 10-3

7.428 x 10-3

7.418 × 10-3

7.419 × 10-3

7.358 × 10-3

7.397 × 10 -3

7.414 × 10 -3

7.330 × 10 -3

7.390 x 10 -3

7.418 × 10 -3

7.412 × 10 -3

7.412 x 10 -3

7.533 x 10 -3

8.488 × 10 -3

1.640 × 10 -2

7.538 × 10 -2

2.411 x 10-1

4.023 × 10-1

4.437 × 10-1

4.332 × 10 -1

4.159 × 10-1

4.011 × 10-1

3.746 x 10-1
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TableA.2: Flow fieldvariablesonsymmetryplane,finegrid
(continued).

x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

O.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

n/no

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

O.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

O.2733

0.2733

0.2733

1.204 x 10 -3

1,.167 x 10 -3

1.145 x 10 -3

1.137 x 10 -3

1.151 × I0 -3

1.199 x 10 -3

1.282 x 10 -3

1.357 x 10 -3

1.463 x 10 -3

1.563 x 10 -3

1.661 x 10 -3

1.744 × 10-3

1.812 x 10 -3

1.841 x 10 -3

1.854 x 10-3

1.851 x 10 -3

1.836 × 10 -3

1.797 x 10 -3

1.760 x 10 -3

1.703 × 10 -3

2.248 x 10 -4

2.254 x 10 -4

2.250 × 10 -4

2.246 × 10 -4

2.248 × l0 -4

2.246 × 10-4

2.244 x 10-4

2.243 x 10 -4

2.247 × 10-4

2.237 x 10-4

2.233 x 10 -4

2.237 × 10 -4

2.223 × 10 -4

2.240 x 10 -4

2.251 × 10-4

2.222 x 10-4

u/V_

0.510

0.480

0.446

0.410

0.376

0.345

0.316

0.298

0.279

0.266

0.257

0.250

0.245

0.243

0.241

0.240

0.239

0.240

0.240

0.241

0.999

0.999

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/Voo

0.389

0.359

O.327

0.294

0.267

O.239

0.216

0.198

0.182

0.168

0.159

0.150

0.143

0.138

0.134

0.129

0.125

0.121

0.119

0.114

-3.388 × 10 -5

1.303 x 10 -5

1.844 x 10 -5

-2.530 x 10 -5

5.447 x 10 -4

3.999 x 10 -4

3.027 x 10 .4

5.702 x 10 -4

5.426 x 10 -4

3.663 x 10-4

3.192 x 10-4

6.470 x 10-4

6.181 x 10 -4

4.849 x 10 -4

3.987 x 10 -4

7.513 x 10 -4

nkT/pooVL

3.489 x 10±'f

3.314 x 10 -1

3.154 x 10 -1

2.974 x 10-1

2.803 x 10-1

2.654 x 10-1

2.508 x 10-1

2.348 x 10-1

2.221 x 10-1

2.090 x 10 -1

1.974 x 10 -1

1.868 x 10 -1

1.764 x 10 -1

1.644 x 10 -1

1.543 x 10 -1

1.447 x 10-1

1.364 x 10 -1

1.296 x lO-1

1.215 x 10-1

1.145 x 10-1

7.428 x 10-3

7.423 x 10-3

7.408 x 10-3

7.412 x 10 -3

7.398 x 10 -3

7.389 × 10-3

7.381 x 10 -3

7.382 x 10 -3

7.398 x 10-3

7.370 x 10-3

7.355 x 10-3

7.370 x 10-3

7.320 x 10-3

7.389 x 10-3

7.432 x 10 -3

7.313 x 10 -3
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TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

x/L
0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0._400

0._467

0._533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

z/L
0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2733

0.2800

n/no

2.235 x 10 -4

2'.234 x 10 -4

2.230 x 10 -4

2.240 x 10-4

2.235 x l0 -4

2.235 × 10-4

2.270 × 10-4

2.411 x 10 -4

3.619 x 10 -4

7.406 x 10 -4

1.094 x 10 -3

1.205 x l0 -3

1.239 x 10-3

1.252 × 10-3

1.245 × 10-3

1.217 × 10 -3

1.172 × 10 -3

1.140 × 10 -3

1.101 x 10 -3

1.069 x 10 -3

1.085 x 10-3

1.113 × 10-3

1.156 × 10-3

1.232 × 10-3

1.308 x 10-3

1.408 x l0 -3

1.500 × l0 -3

1.565 × 10 -3

1.634 × 10 -3

1.694 × 10 -3

1.727 × l0 -3

1.739 x l0 -3

1.737 x 10-3

1.722 x l0 -3

1.677 × 10 -3

2.239 × l0 -4

u/V_

1.000

1.000

1.000

1.001

1.000

1.001

0.997

0.957

0.794

0.607

0.544

0.536

0.539

0.544

0.546

0.538

0.524

0.499

0.468

0.436

0.402

0.368

0.343

0.319

0.300

0.283

0.273

0.266

0.259

0.254

0.252

0.249

0.247

0.246

0.247

0.999

w/V_

2.426 x 10-4

2.088 x 10-4

4.269 x 10-4

4.371 x 10 -4

3.480 x 10 -4

4.217 x 10 -4

2.780 x 10 -3

3.826 x 10 -2

0.183

0.346

0.409

0.425

0.433

0.434

0.425

0.413

0.389

0.365

0.335

0.306

0.276

0.250

0.226

0.205

0.189

0.174

0.164

0.156

0.147

0.140

0.134

0.129

0.125

0.122

0.118

1.948 x lO-4

nkT/pocV _
X)

7.374 × 10 -_

7.378 x 10 -3

7.349 x 10-3

7.352 x 10 -3

7.318 x 10 -3

7.385 x 10 -3

8.553 x 10 -3

2.158 x 10 -2

9.070 x 10-2

2.615 x 10 -1

4.039 x 10 -1

4.321 x 10 -1

4.237 x 10 -1

4.038 x 10 -1

3.844 x 10 -1

3.608 x 10 -1

3.408 x 10 -1

3.217 x 10 -1

3.029 x 10 -1

2.802 x 10 -1

2.693 × 10 -1

2.547 x 10 -1

2.387 x 10 -1

2.281 x 10 -1

2.142 x 10 -1

2.023 x 10 -1

1.913 x 10 -1

1.785 x 10 -1

1.696 x 10-1

1.598 x 10 -1

1.512 x 10 -1

1.415 x 10 -1

1.342 x 10 -1

1.265 x 10 -1

1.185 x 10 -!

7.378 x 10 -3



TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

311

x/L
0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

O.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

O.280O

0.2800

0.2800

0.2800

O.280O

0.2800

0.2800

O.28OO

0.2800

0.2800

O.28OO

0.28O0

0.2800

0.2800

0.2800

0.280O

0.280O

O.28OO

0.2800

0.2800

0.2800

O.28O0

0.2800

0.2800

O.280O

0.2800

0.2800

0.2800

n/no

2.246 x 10 -4

2.253 x 10 -4

2.246 x 10 -4

2.241 x 10 -4

2.245 x 10 -4

2.244 × 10 -4

2.238 × 10 -4

2.245 x 10 -4

2.243 x 10-4

2.239 × 10-4

2.239 x 10-4

2.231 x 10-4

2.239 x 10-4

2.244 x 10-4

2.234 x 10-4

2.239 x 10 -4

2.233 x 10-4

2.223 x 10 -4

2.221 x 10 -4

2.223 x 10 -4

2.229 x 10 -4

2.225 x 10 -4

2.239 x 10 -4

2.480 x 10 -4

4.011 x 10-4

7.839 × 10-4

1.100 × 10-3

1.188 × 10-3

1.202 × 10-3

1.206 × 10 -3

1.203 × 10-3

1.172 × 10 -3

1.134 × 10 -3

1.096 x 10 -3

1.059 x 10 -3

1.035 x 10 -3

u/V_

0.999

0.999

0.999

0.999

0.999

1.000

1.000

1.000

0.999

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.994

0.944

0.772

0.600

0.550

0.542

O.548

O.552

0.554

0.548

0.537

0.516

0.490

0.460

w/Voo

2.242 x 10-4

2.056 x 10-4

3.104 x 10 -4

5.850 x 10-4

1.064 x 10-4

1.202 x 10-4

8.595 x 10-4

6.501 x 10-4

2.623 x 10-4

3.732 x 10-4

1.048 x 10-3

9.108 x 10-4

5.910 X 10 -4

5.561 x 10 -4

1.103 x 10 -3

7.014 x 10 -4

3.676 x 10 -4

5.118 x 10 -4

8.919 x 10-4

5.521 x 10-4

5.798 x 10-5

4.869 x 10-4

4.304 x 10-3

4.806 x 10-2

0.201

0.353

0.407

0.419

0.425

0.427

0.421

0.410

0.391

0.367

0.342

0.314

7.410 x 10-3

7.403x 10-3

7.376x 10-3

7.367x 10-3

7.365x I0-3

7.360x 10-3

7.375x 10-3

7.366x 10-3

7.366 x 10-3

7.376 x 10-3

7.342x 10-3

7.379x 10-3

7.398x 10-3

7.327x 10-3

7.366x 10-3

7.342x 10-3

7.296× 10-3

7.311x 10-3

7.323x 10-3

7.336x 10-3

7.450x 10-3

9.037x 10-3

2.599× lO-2

1.055 x 10-1

2.788 × 10-1

4.040 x 10 -1

4.273 x 10 -1

4.128 x 10 -1

3.926 x 10 -1

3.708 × 10 -1

3.489 x 10 -1

3.270 x l0 -1

3.088 x 10 -1

2.894 x 10 -1

2.735 × 10 -1
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued)•

_xiL1 ,ii 
0.9133 t

0.9200 ]

0.9267 I
0.9333 /

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800 I

0.98671

0.9333

1.000Ol

0.6667 I

0.6733 I

0.680o I

0.6867

0.6933
0.7000

0.70671

0.7133

0.72001

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000 I
0.8067 10.2867

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

0.2800

O.2800

0.280O

0.2800

0.2800

0.2800

0.2867

0.2867

0.2867

O.2867

0.2867

0.2867

O.2867

0.2867

0.2867

0.2867

O.2867

0.2867

O.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

O.2867

n/no

1.036 × 10 -3

1.039 × 10 -3

1.064 × 10 -3

1.122 x 10 -3

1.184 × 10 -3

1.273 × 10 -3

1.342 × 10 -3

1.411 × 10 -3

1.483 x 10 -3

1.536 × 10 -3

1.575 x 10 -3

1.602 x 10 -3

1.611 × 10 -3

1.623 × 10 -3

2.229 × 10 -4

2.234 × 10 -4

2.241 x 10 -4

2.241 × 10 -4

2.233 x 10 -4

2.238 × 10 -4

2.238 × 10 -4

2.233 × 10 -4

2.239 × 10 -4

2.242 x 10 -4

2.239 × 10 -4

2.236 × 10-4

2.235 x 10-4

2.232 × 10-4

2.232 x 10-4

2.244 × 10 -4

2.238 x 10 -4

2.235 x 10 -4

2.235 x 10 -4

2.242 × 10 -4

2.242 x 10 -4

2.252 x 10 -4

u/Voo

0.427

0.398

0.369

0.343

0.322

0.303

0.291

0.281

0.274

0.267

0.264

0.259

0.256

0.255

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.999

w/Vet

0.286

0.260

0.237

0.216

0.197

0.182

0.171

0.161

0.151

0.144

0.137

0.132

0.127

0.123

3.551 × 10 -4

2.557 x 10-4

2.697 x 10-4

3.803 × lO-4

2.081 x 10-4

-4.351 x 10-5

7.124 x 10-5

6.100 x 10-4

1.383 × 10 -4

8.011 x 10 -5

2.571 x 10 -4

5.982 x 10 -4

3.141 x 10 -4

1.725 x 10 -5

-3.351 x 10 -5

5.116 x 10 -4

1.877 x 10 -4

1.444 x 10 -4

2.324 x 10-4

3.174 x 10-4

1.715 x 10-4

1.717 x 10-4

2.449 x 10 -1

2.291 x 10 -1

2.191 x 10 -1

2.082 x 10 -1

1.986 x 10 -1

1.854 x 10 -1

1.740 x 10 -1

1.664 x 10-1

1.556 x 10-1

1.468 x 10-1

1.378 x 10-1

1.294 x 10-1

1.238 x 10-1

7.340 x 10-3

7.367 x 10-3

7.403 x 10-3

7.392 x 10-3

7.360 x 10-3

7.369 x 10 -3

7.366 x 10 -3

7.346 x 10 -3

7.363 x 10 -3

7.375 x 10 -3

7.365 x 10 -3

7.366 x 10 -3

7.348 x 10 -3

7.347 x 10 -3

7.349 x 10-3

7.348 × 10-3

7.351 x 10 -3

7.333 x 10-3

7.313 x 10-3

7.348 x 10-3

7.363 x 10-3

7.414 x 10-3
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TableA.2: Flowfield variableson symmetry plane, fine grid
(continued).

x/L
0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

z/i
-0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2867

0.2933

0.2933

O.2933

0.2933

0.2933

0.2933

0.2933

n/no

2.264 x 10 -4

2.257 × 10 -4

2.276 x 10 -4

2.568 x 10 -4

4.238 × 10-4

8.148 x 10-4

1.092 × 10-3

1.156 x 10 -3

1.161 x 10-3

1.165 x 10 -3

1.153 x 10 -3

1.132 x lO -3

1.103 × 10 -3

1.062 x 10 -3

1.031 × 10 -3

9.928 × 10-4

9.784 × 10-4

9.780 × 10 -4

9.928 x 10 -4

1.032 × 10 -3

1.084 × 10 -3

1.147 × 10 -3

1.210 x 10 -3

1.276 × 10-3

1.345 × 10-3

1.393 x 10-3

1.427 x 10 -3

1.472 x 10 -3

1.505 x 10 -3

2.222 x 10 -4

2.228 x 10 -4

2.229 × 10-4

2.228 x 10-4

2.223 x 10-4

2.221 x 10-4

2.221 × 10 -4

u/Voo

0.999

0.999

0.993

0.934

0.754

0.595

0.553

0.549

0.556

0.559

0.560

0.559

0.547

0.530

0.508

0.481

0.454

0.422

0.394

0.370

0.346

0.325

0.312

0.298

0.290

0.281

0.277

0.271

0.267

1.000

1.000

1.000

1.000

1.000

1.000

1.000

w/V_

5.994x 10-5

1.132x 10-3

6.313x 10-3

5.904x 10-2

0.220

0.368

0.408

0.417

0.425

0.423

0.418

0.408

0.390

0.370

0.347

0.321

0.297

0.271

0.247

0.226

0.205

0.189

0.177

0.167

0.157

0.147

0.140

0.134

0.129

2.390 × 10-4

1.526 x 10-4

5.180 x 10-5

-1.147 x 10-4

-2.071 x 10 -4

-9.990 x 10 .5

-3.802 x 10 -5

7.636x 10-3

9.692x 10-3

2.911 x 10-2

1.162x i0-I

2.901x I0-I

3.983x I0-I

4.123x I0-I

3.971× I0-I

3.782x I0-l

3.586x I0-I

3.363x i0-I

3.186x I0-I

2.985x I0-I

2.821x I0-I

2.636x I0-I

2.490x I0-I

2.355x I0-I

2.229x I0-l

2.120x I0-l

2.015× I0-I

1.923x I0-I

1.815x I0-1

1.718x I0-I

1.635x I0-I

1.524x lO-I

1.441 x 10 -1

1.366 x 10 -1

1.297 x 10 -1

7.331 × 10 -3

7.359 x 10 -3

7.374 x 10 -3

7.374 x lO -3

7.336 x 10 -3

7.341 x 10-3

7.333 × 10-3



x/L
0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

O.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.90001

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

z/L
0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.29331

0.2933

0.2933

0.2933

0.2933

0.2933

n/no

2.222×10--4
2.218 x 10 -4

2.212 x 10 -4

2.212 x 10 -4

2.216 x 10 -4

2.219 x 10 -4

2.221 x 10-4

2.223 x 10-4

2.229 x 10-4

2.224 x 10-4

2.228 x 10-4

2.228 × 10-4

2.221 x 10-4

2.232 x 10 -4

2.238 x 10 -4

2.211 x 10 -4

2.226 x 10 -4

2.244 x 10 -4

2.267 x 10 -4

2.623 x 10 -4

4.520 x 10 -4

8.424 x 10 -4

1.098 × 10 -3

1.135 x 10-3

1.129 x 10 -3

1.128 x 10-3

1.121 x 10-3

1.097 × 10-3

1.067 × 10-3

1.031 x 10-3

9.995 x 10-4

9.748 x 10-4

9.546 x 10 -4

9.461 x 10 -4

9.401 x 10 -4

9.592 x 10 -4

u/Voo

1.000

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.000

1.001

1.000

0.999

0.991

0.926

0.747

0.604

0.563

0.559

0.561

0.564

0.570

0.567

0.559

0.546

0.528

0.506

0.478

0.448

0.423

0.397

w/Vet

-2.206 x 10 -4

-1.346 x 10 -4

-2.614 × 10 -4

-2.894 × 10 -4

-2.153 × 10 -4

-5.118 × 10 -4

-3.698 × 10 -4

-2.985 × 10 -4

-6.126 x 10-4

-4.730 × 10-4

-2.621 × 10-4

-2.853 × 10-5

-2.717 × 10-5

-3.641 x 10-4

-3.993 x 10-4

5.240 x 10-5

-1.502 × 10-4

5.850 × 10 -4

8.017 x 10 -3

6.637 × 10 -2

0.234

0.367

0.406

0.414

0.417

0.417

0.414

0.405

0.390

0.373

0.350

0.326

0.302

0.279

0.255

0.234

nkT/p_V2 l

7.301 x 10 -3 I

7.322 x 10 -3 ]

7.309 x 10 -3

7.305 x 10 -3

7.300 x 10 -3

7.313 x 10 -3

7.308 x 10 -3

7.315 × 10 -3

7.353 x 10 -3

7.318 x 10 -3

7.333 x 10 -3

7._42 x 10 -3

7.255 × 10 -3

7.347 × 10 -3

7.360 x 10 -3

7.259 x 10 -3

7.319 x 10 -3

7.625 x 10 -3

1.038 x 10 -2

3.217 x 10 -2

1.267 x 10-1

2.945 x 10 -1

3.974 x 10 -1

4,033 × 10 -1

3.873 × 10 -1

3.686 x 10 -1

3.504 x 10 -1

3.285 × 10 -1

3.090 x 10 -1

2.897 x 10 -1

2.732 × 10 -1

2.584 x 10 -1

2,465 x 10 -1

2.330 × 10 -1

2.182 x 10-1

2.055 x 10-1
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L
0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.80001

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

z/L
0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.2933

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000!

0.3000]
0.30OO

0.3000

O.30OO

0.300O

0.3000

0.3000

0.3O0O

n/no

9.915 × 10 -4

1.041 x 10 -3

1.093 x 10 -3

1.151 × 10 -3

1.211 x 10-3

1.250 x 10-3

1.290 × 10-3

1.344 x 10-3

2.247 x 10-4

2.253 x 10 -4

2.252 x 10 -4

2.237 x 10_-4

2.263 × 10_ 4

2.237 × 10 -4

2.231 x 10 -4

2.267 x 10-4

2.250 × 10-4

2.249 × 10-4

2.257 x 10-4

2.269 × 10-4

2.257 x 10 -4

2.245 x 10 -4

2.238 × 10 -4

2.239 × 10 -4

2.248 x 10 -4

2.253 x 10-4

2.253 × 10 -4

2.236 x 10-4

2.247 × 10-4

2.254 × 10-4

2.241 x 10-4

2.237 x 10 -4

2.239 × 10 -4

2.253 × 10 -4

2.299 x 10 -4

2.688 x 10 -4

u/V_

0.372

0.352

0.334

0.320

0.307

0.299

0.291

0.285

1.000

1.000

1.000

1.000

1.000

1.001

1.000

1.000

1.001

1.001

1.000

1.000

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.990

0.916

w/Voo

0.215

0.199

0.184

0.173

0.161

0.152

0.144

0.138

-2.163 x 10 -4

-5.029 x 10 -4

-5.778 × 10 -4

-4.562 x 10 -4

-2.709 × 10-4

-3.935 x l0 -4

-3.729 × 10-4

1.074 × 10 -4

-2.038 x 10-5

-2.758 x 10-4

-3.603 × l0 -4

-1.253 × 10-4

-2.334 x 10 -4

-8.592 x l0 -5

-6.969 x 10 -5

-6.839 × l0 -4

-5.586 × 10 -4

-6.089 × 10-4

-7.903 × 10 -4

-6.015 × l0 -4

-1.055 × 10-3

-1.162 x 10-3

-7.957 × 10 -4

-7.818 × 10 -4

-1.334 × 10 -3

2.882 × 10-4

9.501 × 10-3

7.572 x 10-2

1.879 x 10 -1

1.790 x 10 -1

1.688 x 10 -1

1.599 x 10-1

1.495 x 10 -1

1.410 x 10-1

1.352 x 10-1

7.365 x 10-3

7.392 x 10 -3

7.393 x 10-3

7.330 x 10-3

7.442 x 10 -3

7.354 × 10 -3

7.327 x 10 -3

7.447 x 10 -3

7.377 × 10 -3

7.397 x 10 -3

7.434 x 10 -3

7.461 x 10 -3

7.411 × 10-3

7.355 x 10-3

7.327 x 10-3

7.357 x 10 -3

7.389 x 10 -3

7.389 x 10 -3

7.367 x 10 -3

7.348 x 10 -3

7.372 x 10 -3

7.399 x 10 -3

7.374 × 10 -3

7.351 x 10 -3

7.391 x 10-3

7.733 x 10-3

1.092 x 10-2

3.599 x 10 -2
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TableA.2: Flowfield variablesonsymmetryplane,finegrid
(continued).

x/L z/L
0.8533 0.3000

0.8600 0.3000

0.8667 0.3000

0.8733 0.3000

0.8800 0.3000

0.8867 0.3000

0.8933 0.3000

0.9000 0.3000

0.9067 0.3000

0.9133 0.3000

0.9200 0.3000

0.9267 0.3000

0.9333 0.3000

0.9400 0.3000

0.9467 0.3000

0.9533 0.3000

0.9600 0.3000

0.9667 0.3000

0.9733 0.3000

0.9800 0.3000

0.9867 0.3000

0.9933 0.3000

1.0000 0.3000

0.6667 0.3067

0.6733 0.3067

0.6800 0.3067

0.6867 0.3067

0.6933 0.3067

0.7000 0.3067

0.7067 0.3067

0.7133 0.3067

0.7200 0.3067

0.7267 0.3067

0.7333 0.3067

0.7400 0.3067

0.7467 0.3067

n/no

4.734 x 10 -4

8.591 x 10 -4

1.089 x 10 -3

1.116 x 10 -3

1.099 x 10 -3

1.100 x 10 -3

1.086 x 10 -3

1.071 x 10 -3

1.046 x 10-3

1.009 x 10-3

9.702 x 10-4

9.459 x 10-4

9.243 × 10-4

9.045 x 10.-4

8.954 x 10-4

9.038 x 10-4

9.207 × 10-4

9.536 x 10-4

9.932 × 10-4

1.037 x 10-3

1.080 x 10 -3

1.121 x 10 -3

1.168 x 10 -3

2.252 x 10 -4

2.255 x 10 -4

2.255 × 10 -4

2.261 x 10 -4

2.262 x 10 -4

2.252 x lO-4

2.250 x 10-4

2.258 x 10-4

2.252 x lO-4

2.247 x 10 -4

2.252 x 10 -4

2.256 x 10 -4

2.244 x 10 -4

u/V 
0.735

0.6O2

0.569

O.566

0.570

0.575

0.577

0.578

0.571

0.562

0.547

0.528

0.502

0.478

0.451

0.424

0.400

0.379

0.359

0.343

0.329

0.318

0.309

1.000

1.001

1.001

1.000

1.000

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

w/Vo 
0.244

0.369

0.403

0.411

0.412

0.411

0.409

0.402

0.388

0.373

0.353

0.332

0.311

0.289

0.265

0.246

0.227

0.210

0.193

0.180

0.168

0.158

0.149

-6.621 x 10 -4

--2.418 x 10 -4

6.721 x 10-5

1.369 x 10-4

2.571 x 10 -4

1.999 x 10 .4

-1.018 x 10-5

-3.399 x 10-4

-1.059 x 10.4

-4.627 x 10 .4

--5.550 x 10 -4

6.181 x 10 -5

-1.298 x 10 .4

nkT/pocV Z
:X3

1.335 x 10-1

2.963 x 10 -1

3.878 × 10 -1

3.924 x 10 -1

3.758 × 10 -1

3.612 x 10 -1

3.400 x 10 -1

3.218 × 10 -1

3.040 x 10-1

2.845 x 10 -1

2.658 × 10 -1

2.518 x 10 -1

2.389 × 10 -1

2.255 x 10-1

2.132 × 10-1

2.018 x 10-1

1.923 × 10-1

1.828x 10-1

1.753 × 10-1

1.648 x 10-1

1.563 x 10 -1

1.470 x 10 -1

1.407 x 10 -1

7.402 x 10 -3

7.430 x 10-3

7.437 x 10-3

7.440 x lO-3

7.441 x lO -3

7.402 x lO-3

7.388 × lO-3

7.415 x 10-3

7.394 x 10 -3

7.381 x 10 -3

7.406 × 10 -3

7.417 × 10-3

7.368 x 10 -3



×/L

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

O.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

z/L
0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.30671

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

0.3067

n/n o

2.247x 10-4

2.257x 10-4

2.252x 10-4

2.252x 10-4

2.257× 10-4

2.255x 10-4

2.237x 10-4

2.239x 10-4

2.241x lO-4

2.238x 10-4

2.233x 10-4

2.233× 10±4

2.247x I0L4

2.241x 10-4

2.291x 10-4

2.692x 10-4

4.799x 10-4

8.750x 10-4

1.073x 10-3

1.094× 10-3

1.069× 10-3

1.057× 10-3

1.043× 10-3

1.031x 10-3

1.015x 10-3

9.748× 10-4

9.505x 10-4

9.234x 10-4

8.948 x 10-4

8.783 × IO-4

8.555 × 10-4

8.608 x 10-4

8.652 x 10-4

8.841 × 10 -4

9.036 × 10 -4

9.299 x 10 -4

u/Voo

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

0.999

0.988

0.915

0.735

0.611

- 0.580

0.576

0.580

0.582

O.586

0.586

0.582

0.574

0.564

0.546

0.527

0.503

0.479

0.454

0.429

0.407

0.386

0.369

w/Voo
2.078 x 10 -4--

2.450 × 10-4

-7.351 x 10-4

-1.143 x 10 -4

-1.391 × 10 -5

-2.023 x 10 -4

-1.365 x 10 -4

-2.167 x 10 -4

-3.262 x 10 -4

-3.548 x 10 -4

1.271 x 10 -4

1.784 x 10 -3

9.685 x 10 -4

1.654 x 10 -3

1.163 x 10 -2

8.008 × 10 -2

0.252

0.372

0.402

0.407

0.409

0.407

0.406

0.398

0.385

0.374

0.358

0.338

0.317

0.297

0.276

0.254

0.236

0.219

0.202

__j 0.189

nkT/Poo V2

7.416 × 10-3

7.392 x 10-3

7.392 × 10-3

7.404 × 10 -3

7.401 x 10 -3

7.353 × 10 -3

7.347 x 10 -3

7.340 x 10 -3

7.328 x 10 -3

7.321 x 10 -3

7.306 × 10 -3

7.389 x 10-3

7.536 x 10-3

1.134 x 10-2

3.679 x 10-2

1.357 x 10 -1

2.973 x 10 -1

3.764 x 10-I

3.805 x 10 -1

3.619 x 10 -1

3.471 x 10-1

3.272 x 10-1

3.119 x 10 -1

2.981 x I0 -1

2.757 x 10 -1

2.608 x 10 -1

2.475 x 10 -1

2.317 x 10 -!

2.208 x 10 -1

2.069 x 10 -1

1.978 x 10 -1

1.901 x 10 -1

1.802 x 10 -1

1.700 × 10 -1

1.600 x 10 -1



0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

tto8 oo
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

_
0.3067

0.3067

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3.133

0.3133

0.3133

0.3133

0.3133

0.3133

1".011 × 10-3

2.247 x 10-4

2.246 × 10-4

2.249 x 10 -4

2.252 × 10 -4

2.245 × 10 -4

2.248 × 10 -4

2.250 × 10 -4

2.242 x 10 -4

2.240 x 10 -4

2.238 × 10 -4

2.238 x 10 -4

2.237 x 10 -4

2.236 x 10 -4

2.243 x 10 -4

2.252 x 10 -4

2.253 x 10 -4

2.246 x 10-4

2.247 x 10 -4

2.251 x 10 -4

2.246 x 10 -4

2.238 x 10 -4

2.236 x 10 -4

2.239 x 10 -4

2.238 × 10 -4

2.236 x l0 -4

2.239 x 10 -4

2.251 x 10-4

2.249 x 10-4

2.317 x 10-4

2.754 x 10-4

4.861 x 10-4

8.589 × 10-4

1.059 × l0 -3

1.075 × 10-3

nkT/Pcx)V_2_

1.450×10-1 I

7.385 x 10-3 [
7.405 x 10-3

u/Voo
0.353

0.339

1.000

1.001

w/Voo

0.177

0.165

-5.753 x 10-5

2.222 x 10 -4

1.001

1.000

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.001

1.000

1.000

1.000

0.999

0.987

0.910

0.740

0.620

0.589

0.585

4.762 x 10 -4

3.515 x 10 -4

5.667 x 10 -5

3.830 x 10 -4

3.745 x 10 -4

-7.240 x 10 -5

6.084 × 10-5

2.613 x 10-5

8.854 × 10-5

4.015 × 10-4

3.316 x 10 -4

5.901 x 10 -4

4.889 x 10 -4

-3.992 x 10 -4

2.426 x 10 -4

3.522 x 10 -4

-7.477 × 10 -6

-4.350 × 10 -5

8.223 x 10-5

2.321 × 10-5

-8.362 × 10-5

1.488 × 10-4

5.623 x 10-5

1.788 x 10-4

7.996 × 10-4

6.201 x 10 -4

1.237 × 10 -2

8.877 × 10 -2

0.252

0.369

0.399

0.403

7.425 x 10-3

7.414 x 10 -3

7.391 × 10-3

7.389 x 10-3

7.391 x 10 -3

7.376 x 10 -3

7.376 x 10 -3

7.369 x 10 -3

7.368 x 10 -3

7.371 x 10-3

7.352 × 10-3

7.395 × 10-3

7.438 × 10-3

7.421 × 10-3

7.392 × 10-3

7.400 x 10-3

7.410 × 10 -3

7.386 × 10-3

7.345 x 10-3

7.331 × 10 -3

7.342 × 10 -3

7.350 × 10 -3

7.329 × 10-3

7.343 × 10 -3

7.424 x 10-3

7.713 × 10-3

1.165 × 10-2

3.890 x 10-2

1.343 x 10-1

2.872 × 10-1

3.647 × 10-1

3.696 x 10-1
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TableA.2: Flow fieldvariableson symmetryplane,finegrid
(continued).

x/i
0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.98OO

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.720O

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

z/L
0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3133

0.3200

0.3200

0.3200

0.3200

0.3200

0.32O0

0.3200

0.3200

0.3200

0.3200

0.32O0

0.3200

O.32OO

0.3200

0.3200

0.3200

0.3200

0.3200

O.32OO

n/no

1.051 x 10-3

1'.032 x 10-3

1.015 x 10-3

9.971 x 10 -4

9.759 x 10 -4

9.532 × 10 -4

9.217 x 10 -4

8.916 x 10 -4

8.724 x 10 -4

8.496 x 10 -4

8.309 x 10-4

8.215 x 10-4

8.208 × 10-4

8.231 x 10-4

8.342 x 10-4

8.513 x 10-4

8.770 x 10 -4

2.243 x 10 -4

2.243 x 10 -4

2.244 × 10 -4

2.244 x 10 -4

2.235 x 10 -4

2.244 x 10-4

2.247 x 10-4

2.235 x 10-4

2.239 x 10-4

2.244 × 10-4

2.240 x 10-4

2.233 x 10 -4

2.242 x 10 -4

2.244 x 10 -4

2.245 × 10 -4

2.250 × 10 -4

2.246 x 10 -4

2.243 x 10-4

2.246 x 10 -4

0.588

0.589

0.594

0.594

0.593

0.588

0.578

0.566

0.546

0.527

0.505

0.482

0.458

0.436

0.415

0.396

0.378

1.000

1.000

1.000

1.000

1.001

!.001

1.000

1.000

1.000

1.000

1.001

1.000

1.001

1.000

1.000

1.000

1.001

1.000

1.000

w/Voo

0.404

0.404

0.401

0.396

0.385

0.374

0.359

0.343

0.324

0.305

0.284

0.265

0.247

0.229

0.213

0.198

0.187

4.003 x 10 -4

3.975 x 10-4

3.466 x 10-4

1.343 x 10-4

-2.938 x 10-4

-3.236 x 10-5

2.615 x 10 -4

1.575 x 10 -4

1.661 x 10 -4

1.649 × 10 -4

1.474 x 10 -4

1.710 x 10-4

9.966 x 10-5

3.085 x 10-4

3.512 x 10-4

-1.342 x 10-4

3.323 x 10 -4

3.651 x 10 -4

8.252 x 10 -5

nkT/pc_V z
2K)

3.543 x 10 -1

3.387 x 10 -1

3.205 x 10 -1

3.025 x 10 -1

2.854 x 10 -1

2.703 x 10 -1

2.545 x 10 -1

2.380 x 10 -1

2.272 x 10 -1

2.142 x 10 -1

2.038 x 10-1

1.933 x 10 -1

1.844 x 10 -1

1.752 x 10-1

1.664 x 10 -1

1.577 x 10 -1

1.496 x 10 -1

7.378 x 10 -3

7.393 x 10 -3

7.394 x 10 -3

7.381 x 10 -3

7.340 x 10-3

7.378 x 10-3

7.398 x 10-3

7.359 x 10-3

7.388 x 10-3

7.398 x 10-3

7.380 x 10-3

7.361 x 10 -3

7.377 x 10 -3

7.399 x 10 -3

7.416 x 10-3

7.419 x 10-3

7.397 x 10-3

7.384 x 10-3

7.399 x 10-3



x/L
0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

O.900O

0.9067

0.9133

0.920O

0.9267

0.9333

0.9400

O.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

0.6867
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

z/i
0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

O.32O0

0.3200

O.32O0

0.3200

0.3200

0.3200

0.3200

0.320O

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3200

0.3267

0.3267

0.3267

0.3267

n/no

2.254 x 10-4

2.244 x 10-4

2.239 x 10 -4

2.245 x 10 -4

2.248 x 10 -4

2.247 x 10 -4

2.251 x 10 -4

2.253 x 10 -4

2.246 x 10 -4

2.252 x 10 -4

2.316 x 10 -4

2.749 x 10 -4

4.816 x i0 -4

8.453 x 10-4

1.053 x 10-3

1.058 x 10-3

1.033 x 10 -3

1.006 x 10 -3

9.886 x 10 -4

9.678 x 10 -4

9.421 x 10 -4

9.265 x 10 -4

9.012 x l0 -4

8.754 x 10 -4

8.531 x 10-4

8.250 x 10-4

8.001 x 10-4

7.900 x 10-4

7.834 x 10-4

7.780 x 10-4

7.794 x 10-4

7.953 × 10-4

2.242 x 10 -4

2.242 x 10 -4

2.246 x 10 -4

2.250 x t0 -4

u/Vco

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.001

1.001

0.999

0.987

0.913

0.746

0.631

0.599

0.596

0.596

0.597

0.600

0.603

0.602

0.599

0.592

0.581

0.565

0.551

0.530

0.509

0.486

0.466

0.446

0.424

1.O00

1.000

1.O00

1.O00

w/V_

-1.583 x 10 -4

-2.089 x 10 -5

-7.604 x 10 -5

-1.421 x 10 -4

1.444 x 10 -5

6.165 x 10-6

-2.062 x 10 -5

1.717 x 10-4

7.027 x 10-4

1.778 x 10-3

1.304 x 10 -2

8.533 x 10-2

0.254

0.366

0.397

0.399

0.401

0.399

0.398

0.393

0.383

0.375

0.360

0.345

0.329

0.312

0.295

0.276

0.257

0.239

0.224

0.207

1.809 × 10 -5

9.152 × 10-5

-1.114 × lO -5

-1.770x 10 .4

nkT/pc_V z
"X)

7.416 x 10 -;_

7.369 x 10 -3

7.352 x 10 -3

7.378 x 10 -3

7.393 x 10 -3

7.391 x 10 -3

7.402 x 10 -3

7.408 x 10 -3

7.410 x 10 -3

7.835 x 10 -3

1.178 x 10 -2

3.758 x 10 -2

1.316 x 10 -1

2.774 x 10-1

3.588 x 10 -1

3.605 x 10-1

3.457 x 10-1

3.293 × 10 -1

3.139 × 10 -1

2.957 x 10 -1

2.777 x 10 -1

2.642 x 10 -1

2.504 x 10 -1

2.353 × 10-1

2.236 x 10 -1

2.107 x 10-1

1.972 x l0 -1

1.887 x l0 -1

1.794 x 10-1

1.708 x 10-1

1.628 x 10-1

1.558 x 10 -1

7.396 x 10 -3

7.387 × 10 -3

7.409 × 10 -3

7.418 × lO -3
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

O.7533

0.7600

0.7667

0.7733

O.780O

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

O.840O

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

O.920O

0.9267

z/L
0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

O.3267

O.3267

0.3267

0.3267

O.3267

0.3267

O.3267

0.3267

0.3267

O.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267
0.3267

0.3267

0.3267

0.3267

n/no

2.243 x 10-4

2'.248 x 10 -4

2.247 x 10 -4

2.238 x 10 -4

2.250 x 10-4

2.252 x 10-4

2.247 x 10-4

2.235 x 10 -4

2.245 x l0 -4

2.247 x 10 -4

2.245 x l0 -4

2.249 x 10 -4

2.252 x l0 -4

2.245 x 10-4

2.241 x 10-4

2.255 × 10-4

2.245 × 10-4

2.239 × l0 -4

2.241 × 10-4

2.246 × 10 -4

2.248 × l0 -4

2.254 × 10 -4

2.256 × l0 -4

2.228 × 10 -4

2.231 x 10-4

2.228 x 10-4

2.294 x I0 -4

2.732 × 10-4

4.754 × 10-4

8.376 × 10 -4

1.029 × 10 -3

1.050 x 10-3

1.018 × l0 -3

9.825 × l0 -4

9.658 x 10-4

9.477 x l0 -4

u/V_

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.o6o

1.000

1.001

1.001

1.000

1.001

1.001

1.001

1.001

1.001

0.999

0.990

0.920

0.758

0.636

0.610

0.605

O.6O5

0.6O7

0.608

0.612

w/Voo
-1.614 x 10 -4

-1.969 × 10 -4

-2.119 x 10-4

3.169 × 10-5

-7.788 x 10-5

-2.242 x 10 -4

-4.410 x 10 -4

-4.430 x 10-4

-6.009 x 10 -4

-4.577 x 10 -4

-2.198 x 10 -4

3.316 x 10 -5

5.615 x 10 -5

2.839 × 10 -4

3.515 x 10 -4`

-2.791 x 10 -4

-2.136 × 10 -5

3.549 x 10 -5

-1.690 x 10 -4

2.690 x 10 -4

3.285 x 10 -4

2.936 x 10 -4

2.090 x 10 -4

3.423 x 10 -4

1.475 x 10 -4

1.471 x 10 -3

1.082 x 10 -2

8.199 × 10 -2

0.247

0.364

0.393

0.398

0.397

0.395

0.394

0.389

nkT/PooV_

7.351 x 10 -3

7.407 x 10 -3

7.417 x 10 -3

7.356 x 10 -3

7.429 x 10 -3

7.422 x 10 -3

7.384 x 10 -3

7.352 x 10 -3

7.381 x 10-3

7.393 x 10 -3

7.393 x 10 -3

7.397 x 10-3

7.394 x 10 -3

7.378 x 10 -3

7.371 x 10 -3

7.428 x 10 -3

7.377 x i0 -3

7.356 x 10 -3

7.366 x 10 -3

7.372 x 10 -3

7.396 x 10 -3

7.414 x 10 -3

7.415 × 10 -3

7.352 x 10 -3

7.355 x 10 -3

7.582 x 10 -3

1.098 x 10 -2

3.541 x 10 -2

1.244 x 10 -1

2.700 x 10 -1

3.442 x 10-1

3.520 x 10-1

3.370 × 10 -1

3.194 x 10 -1

3.051 × 10 -1

2.896 × 10 -1
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TableA.2: Flowfield variableson symmetryplane,finegrid
(continued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.6667

0.6733

0.6800

O.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8O0O

0.8067

0.8133

0.8200

0.8267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3267

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

O.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

n/no

9.239 x I0 -_-

9.107 x 10-4

8.825 x 10 -4

8.545 x 10 -4

8.323 x 10 -4

8.115 x 10 -4

7.888 × 10 -4

7.702 x 10 -4

7.571 x 10 -4

7.473 x 10-4

7.416 x 10-4

2.223 x 10-4

2.236 x 10-4

2.241 x 10-4

2.238 x 10-4

2.254 x 10-4

2.243 x 10-4

2.237 x l0 -4

2.246 × 10 -4

2.242 × 10 -4

2.240 × 10 -4

2.232 x 10 -4

2.222 x l0 -4

2.238 x 10 -4

2.236 x 10 -4

2.231 x 10-4

2.240 × 10-4

2.237 x 10-4

2.238 x 10-4

2.242 x 10 -4

2.242 x l0 -4

2.235 x l0 -4

2.226 x l0 -4

2.221 x 10 -4

2.231 x 10-4

2.228 × 10-4

u/Voo

0.610

0.607

0.605

0.599

0.585

0.571

0.555

0.535

0.514

0.496

0.475

1.001

1.000

1.000

1.001

1.000

1.000

1.000

1.001

1.001

1.001

1.001

1.000

1.000

1.000

1.000

1.000

1.001

1.001

1.000

1.000

1.000

1.000

1.000

0.999

1.000

w/V_

0.381

0.371

0.360

0.349

0.334

0.318

0.299

0.284

0.267

0.251

0.234

-7.752 x l0 -5

-2.611 x 10-4

-3.527 x 10-4

-1.899 x 10-4

1.794 × 10 -4

3.018 × 10 -4

2.690 x 10 -4

-4.303 x 10 -5

1.135 x l0 -4

3.175 x 10-4

3.391 x 10-4

-1.993 x 10-4

2.635 x 10 -4

-1.231 x 10-4

-3.520 x 10-4

4.449 × 10 -4

-4.057 x 10-4

-6.745 x 10-5

2.680 x 10-4

-1.158 x 10 -3

2.215 x 10-4

2.482 × 10-4

-3.627 x 10-4

3.533 x 10-4

4.496 x 10-6

nkT/pccV

2.744 x 10-1

2.615 x 10-1

2.461 x 10-1

2.312 x 10-1

2.197 x 10-1

2.090 × 10-1

1.968 x 10 -1

1.866 x 10 -1

1.783 x 10 -1

1.706 × 10 -1

1.609 x 10 -1

7.274 x 10 -3

7.337 x 10 -3

7.385 x 10-3

7.396 x 10-3

7.419 × 10-3

7.403 x 10-3

7.382 x 10-3

7.353 x 10-3

7.408 x 10 -3

7.371 x 10 -3

7.314 x 10 -3

7.318 x 10 -3

7.348 x 10 -3

7.364 x 10 -3

7.369 x 10 -3

7.372 × 10 -3

7.375 x 10 -3

7.383 x 10 -3

7.401 x 10-3

7.382 x 10-3

7.363 x 10-3

7.342 x 10 -3

7.337 x 10 -3

7.359 x 10 -3

7.337 x 10 -3
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Table A.2: Flow field variables on symmetry plane, fine grid
(continued).

x/L
0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

O.9467

0.9533

0.9600

O.9667

0.9733

0.9800

0.9867

0.9933

! 1.0000

,/L
0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

n/n o

2.234x 10-4

22242× 10-4

2.230x 10-4

2.234x 10-4

2.235x 10-4

2.233× 10-4

2.269x lO-4

2.672x 10-4

4.582x 10-4

8.021x 10-4

1.018x 10-3

1.040× 10-3

1.006× 10-3

9.736x 10-4

9.502× lO-4

9.234x 10-4

9.046 × 10 -4

8.770 × 10 -4

8.598 × 10 -4

8.338 x 10 -4

8.086 × 10 -4

7.947 × 10 -4

7.659 × 10 -4

7.521 × 10 -4

7.328 × 10 -4

7.197 × 10 -4

u/Voo

1.000

1.000

1.001

1.000

1.000

0.999

0.990

0.926

w/Voo

1.717 x IO -4

9.401 × 10-4

5.567 x 10-4

6.133 x 10-4

7.339 x 10-4

1.919 x 10-3

1.091 × 10-2

7.759 x 10-2

0.771

0.655

0.621

0.614

0.616

0.617

0.616

0.618

0.618

0.619

0.615

0.609

0.603

0.589

0.577

0.561

0.541

0.524

0.238

0.356

0.389

0.394

0.392

0.391

0.387

0.382

0.378

0.370

0.359

0.349

0.336

0.322

0.307

0.291

0.275

0.260

nkT/PooVL

7.349 x IO-_

7.376x 10-3

7.324x 10-3

7.330x lO-3

7.406x lO-3

7.869x 10-3

1.070x lO-2

3.289x 10-2

1.159x I0-I

2.51ix 10-I

3.329x lO-I

3.436x I0-I

3.288× 10-1

3.15ix lO-I

3.012× 10-I

2.848x 10-I

2.702 x 10 -1

2.529 x 10 -1

2.406 × 10 -1

2.269 x 10-1

2.147 x 10-1

2.054 x 10-1

1.919 x 10 -1

1.830 x 10 -1

1.745 x 10 -1

1.668 x 10 -1
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Surface pressure, shear stress, and heating on the upper portion of the fiat plate

are tabulated in this .section. Similar to the flow field data presented in Section A.1,

the surface data presented in this section were interpolated from the closely spaced

simulation grid to a coarse and fine grid with less points than the simulation to avoid an

immense tabulated database.

Figure A.2 shows the two grid regions on the starboard side of the diagramed

fiat plate model. The coarse grid spans the entire upper surface to the symmetry line,

and the fine is located in the vicinity of the P = 0.01 jet plume as shown in the figure.

Overall surface properties are captured by the coarse grid, and described by the fine grid

are the detailed surface properties in the vicinity of the interacting jet.

properties given in tim following tables are: x/L, y/L, p/p_V 2,The surface

TZX/PocV200, Tzy/pc_V_, and _t"/pocV 3. These variables are normalized by constants,

which are given as L = 0.150m, Voo = 1617.1m/s, and Pc_ -- 2.7994 x lO-4kg/m 3.

A.2.1 Coarse Grid Resolution

Presented in Table A.3 are the coarse grid interpolated surface variables. The

coarse grid covers the upper surface of the fiat plate to the symmetry plane, which

overlays the region of 0 < x/L __ 1.0 and 0 _< y/L __ 0.7 and is shown in Figure A.2.

Cell spacing for the coarse grid is 0.005 m, which provides a 30 x 21 cell array with

25 x 10-6m 2 cell resolution.
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Coarse Grid
Region

P= 0.01
Plume

Flat Plate

Fig. A.2. Diagram of flat plate model showing locations of the coarse and fine grid

resolution regions.



326

Table A.3: Surface variables on upper plate, coarse grid.

x/L y/L

0.0000 0.0000

0.0333 0,0000

0.0667 0.0000

0.1000 0,0000

0.1333 0.0000

0.1667 0.0000

0.2000 0.0000

0.2333 0.0000

0.2667 0.0000

0.3000 0.0000

0.3333 0.0000

0.3667 O.O000i

0.400010.0000

0.4333 0.0000

0.4667 0.0000

0.5000 0.00001

0.5333 0.0000

0.5667 0.0000

0.6000 0.0000

0.6333 0.0000

0.6667 0.0000

0.7000 I 0.0000

0.7333 I 0.0000

0.7667 0.0000

0.8000 0.0000

0.8333 0.0000

0.8667 0.0000

0.9000 0.0000

0.9333 0.0000

0.9667 0.0000

1.0000 0.0000

0.0000 0.0333

0.0333 0.0333

0.0667 0.0333

0.1000 0.0333

0.1333 0.0333

0.1667 0.0333

5.055x 10-2

3.775x 10-2

4.062x 10-2

3.766x 10-2

3.635x 10-2

3.281x 10-2

3.848x 10-2

3.775x 10-2

3.368x lO-2

3.302x lO-2

3.457x 10-2

3.286 × 10-2

3.146× 10-2

3.149 x 10-2

3.466× 10-2

4.394x lO-2

6.282x lO-2

7.324× lO-2

8.452 x 10 -2

8.904 x 10 -2

1.007 x 10 -1

1.638 × 10 -1

1.603 x i0 -1

1.036 x 10 -1

5.391 x 10 -2

3.995 x 10 -3

1.226 x 10 -3

4.312 x 10-3

6.371 x 10-3

7.395 x 10-3

7.841 x 10-3

4.429 × 10-2

3.997 × 10-2

4.101 x 10-2

3.710 × 10-2

3.639 x l0 -2

3.266 x l0 -2

Tzx/PooV 2

5.680 X 10 -_

3.995 X 10 -2

3.489 X 10 -2

2.686 X 10 -2

2.185 X 10 -2

2.250 X 10 -2

2.542 X 10 -2

2.165 X 10 -2

1.785 X 10-2

1.659 X 10-2

1.583 X 10 -2

1.436 X 10-2

1.266 X 10-2

1.152 X 10-2

9.767 X 10-3

5.473 X 10-3

7.414 X 10-4

--1.620 × 10-3

--2.870 × 10-3

--6.240 × 10-3

--1.323 × 10-2

--1.220 × 10 -2

1.631 X 10 -2

1.212 X 10 -2

7.346 X 10 -3

3.824 X 10 -4

5.255 × 10 -4

5.480 X 10-4

1.080 × 10-3

1.312 X l0 -3

1.739 X 10-3

5.029 X i0 -2

4.116 X 10-2

3.563 × 10-2

2.580 × 10-2

2.179 × 10-2

2.253 × 10-2

Tzy/PccV 2

2.332X 10-4

--1.139X 10-4

--9.180X lO-5

--6.433X 10-5

4.070 X lO-5

1.579x lO-4

7.798x 10-5

7.216X 10-5

--2.494X 10-4

--8.837X 10-5

1.710x 10-4

4.698 X 10-5

1.925x lO-4

--1.213X 10-4

--1.098X 10-4

--7.175X 10-5

1.699× 10-5

1.626X 10-4

2.442 x 10-4

3.236 x 10-4

5.044 x 10-4

3.948 x 10 -4

-2.994 x 10-4

1.368 × 10 -4

1.954 x 10 -4

1.029 x 10 -3

-1.370 x 10-5

1.672 x 10 -5

2.286 x 10 -4

-2.589 x 10 -4

1.710 x 10 -4

-9.756 x 10 -5

-5.482 x 10 -5

-1.165 x 10 -4

-5.389 x 10-5

-4.182 x 10 -5

2.341 x 10 -5

61"/p_V______
2.482 lO-
1.652x 10-2

1.429x lO-2

1.102x 10-2

9.025x 10-3

8.893x 10-3

1.036x 10-2

8.835× 10-3

6.936x 10-3

6.568x 10-3

6.251x 10-3

5.683x 10-3

5.050x 10-3

4.622x 10-3

4.513x 10-3

4.055x 10-3

3.738x 10-3

3.120x 10-3

2.454x 10-3

3.340x 10-3

5.558× 10-3

1.051x 10-2

7.915× 10-3

2.998x lO-3

3.283x lO-4

-3.428 x 10-4

-I.147 x lO-5

-5.757 x 10-5

-1.246 x 10-5

-I.194 x 10-5

1.763x 10-5

2.145x 10-2

1.718× 10-2

1.460x lO-2

1.049x 10-2

8.897× 10-3

9.202x 10-3
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Table A.3: Surface variables on upper plate, coarse grid (con-
tinued).

x/L
0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

O.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

O.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

y/L

0.0333

0.0333 3_728

0.0333 3.216

0.0333 3.359

0.0333 3.400

0.0333 3.310

0.0333 3.120

0.0333 3.179

0.0333 3.457

0.0333 4.701

O.0333 6.124

0.0333 7.491

0.0333 8.324

0.0333 8.778

0.0333 1.002

0.0333 1.585

0.0333 1.688

0.0333 1.016

0.0333 7.083

0.0333 1.294

0.0333 6.954

0.0333 7.649

0.0333 8.020

0.0333 7.740

0.0333 7.422

0.0667 4.539

0.0667 3.689

0.0667 4.074

0.0667 3.738

0.0667 3.596

0.0667 3.097

0.O667 3.886

0.0667 3.745

O.0667 3.318

0.0667 3.300

0.0667 3.369

p/pooV 2

3.851 x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

× 10-2

x 10-2

x 10-2

x 10-2

× 10-2

x 10-2

x 10-2

x I0-l

x I0-I

x 10 -1

x 10 -1

x 10 -2

x 10 -2

x 10 -3

x 10 -3

x 10 -3

x 10 -3

× 10-3

x 10 -2

x 10-2

x 10 -2

x 10-2

x l0 -2

x l0 -2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

rzx/ poo V 2

2.534x 10-2

2.080x 10-2

1.727x 10-2

1.635x 10-2

1.605x 10-2

1.408x 10-2

1.265x 10-2

1.135x 10-2

9.775x 10-3

4.357 x 10-3

1.092x lO-3

-1.887 x 10-3

-3.107 x 10-3

-5.421 x lO-3

-1.288 x 10-2

-1.397 x lO-2

1.461 × 10 -2

1.450 × 10 -2

1.070 x 10 -2

3.049 × 10 -3

1.794 x 10 -3

2.044 × 10 -3

1.916 × 10 -3

1.932 × 10 -3

1.987 x 10 -3

5.091 x 10 -2

4.021 × 10-2

3.425 x 10 -2

2.624 × 10 -2

2.197 x 10-2

2.148 x 10 -2

2.498 × 10 -2

2.122 × 10 -2

1.747 × 10-2

1.630 × 10-2

1.523 × 10-2

 ,y/pooV 
1.730 x 10 -4

4.072 x 10 -4

1.291 × 10 -4

-1.935 × 10 -4

2.312 x 10 -4

7.336 x 10 -5

-3.524 × 10 -5

-1.147 x 10 -5

1.539 × 10 -4

1.522 x 10 -4

3.697 × 10-4

6.029 × 10-4

8.862 × 10-4

1.227 x 10-3

3.008 x 10-3

5.444 × 10-3

1.305 × 10-3

2.412 × 10 -4

8.417 × 10 -4

-5.806 × 10-4

-9.430 × 10-4

-1.511 × 10 -3

-1.352 × 10-3

-1.152 x 10-3

-8.357 x 10-4

-3.710 × 10 -4

-1.310 x 10 -4

-2.281 x 10 -6

-4.345 × 10-5

-8.587 × 10 -5

-3.115 x 10 -5

5.047 × 10 -4

5.171 x 10 -5

-5.998 × 10-5

-3.056 × 10-4

1.249× 10-4

61" / poo V_

1.032 x 10 -2

8.365 x 10 -3

6.595 x 10 -3

6.589 x 10 -3

6.327 x 10 -3

5.620 x 10 -3

4.907 x lO -3

4.649 × 10 -3

4.714 × 10 -3

4.051 x 10 -3

3.800 × 10 -3

2.932 × 10 -3

2.538 × 10 -3

3.053 × 10 -3

5.475 x 10 -3

1.041 x 10-2

8.927 × 10 -3

3.073 × 10-3

9.974 × 10-4

-7.990 × 10-5

-1.136 × 10-4

2.480 × 10-5

2.962 × 10-5

3.980 × 10 -5

6.182 × 10 -5

2.167 x 10 -2

1.675 × 10 -2

1.412 x 10-2

1.072 × 10-2

8.800 × 10-3

8.569 × 10-3

1.027 x 10-2

8.624 x 10 -3

6.687 × 10 -3

6.474 × 10 -3

6.225 x 10 -3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

.X/L
0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

_..y/L ......
0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

O.1000

0.1000

O.1000

O.1000

O.1000

O.1000

p/poov 
296 x 10 -2

]89 x 10 -2

130 x 10 -2

490 x 10 -2

443 x 10 -2

104 x 10 -2

221 x 10 -2

8 112 x 10 -2

652 x 10 -2

483 x 10 -2

1 395 x l0 -1

1 794 x l0 -1

084 x 10 -1

192 x l0 -2

440 x l0 -2

409 x 10 -2

634 x 10 -2

193 x 10-2

633 x l0 -3

027 x 10 -3

308 x 10 -2

954 x 10 -2

129 x 10-2

698 x 10 -2

650 x 10 -2

168 x 10 -2

863 x 10 -2

723 x 10 -2

380 x 10 -2

328 x l0 -2

381 x 10 -2

319 x l0 -2

156 x 10 -2

116 x 10 -2

340 x 10-2

0.1000 503 x 10-2

1.296 x 10 -2

1.160 x 10 -2

9.472 x 10 -3

6.327 x 10 -3

6.290 x 10 -4

-1.541 x 10 -3

-2.552 x 10 -3

-4.516 x 10 -3

-1.036 x 10 -2

-1.512 x 10 -2

7.778 x 10 -3

1.906 x 10 -2

1.315 x 10 -2

1.127 x 10 -2

6.896 x 10 -3

5.756 x 10 -3

4.191 x 10-3

3.081 x 10-3

2.873 x 10-3

4.909 x 10-2

4.081 x 10-2

3.583 x 10-2

2.550 x 10-2

2.192 x 10-2

2.236 x 10 -2

2.520 x l0 -2

2.092 x 10 -2

1.816 x 10 -2

1.644 x 10 -2

1.585 x 10 -2

1.446 x 10 -2

1.297 x 10 -2

1.134 x 10 -2

1.021 x 10 -2

6.245 x 10 -3

TzylpooV 2

-2.001 x 10 -5

5.690 x 10 -5

-2.428 x 10 -5

9.784 x 10 -5

2.325 x 10 -4

9.694 x 10 -4

1.331 x 10 -3

1.464 x 10 -3

2.183 x 10 -3

4.872 x 10 -3

1.038 x 10 -2

7.920 x 10-3

-5.401 x 10-4

1.209 x l0 -3

-7.146 x 10 -4

-2.510 x 10 -3

-2.690 x 10-3

-2.373 x l0 -3

-1.984 x 10-3

-1.656 x 10-3

-1.249 x l0 -4

2.141 x 10 -4

1.991 x 10 -5

-1.762 x 10 -4

7.659 x 10 -5

-2.975 x 10 -5

1.101 x 10 -4

-3.183 x 10 -4

3.037 x 10 -5

-5.507 x l0 -6

2.091 x l0 -4

9.944 x l0 -5

4.053 x 10-5

9.449 x 10-5

7.533 x 10-5

7.286 x l0 -4

g:l"/ poo V3cx_

5.599 x 10 -3

5.017 x 10 -3

4.657 x 10 -3

4.583 x 10 -3

4.465 x 10 -3

3.680 x 10 -3

2.988 x 10 -3

2.606 x 10 -3

2.852 x 10 -3

4.877 x 10 -3

9.316 x 10 -3

1.068 x 10-2

4.268 x 10-3

1.841 x 10 -3

8.518 x 10-4

2.639 x 10-4

3.047 x 10-4

2.345 x l0 -4

1.865 x l0 -4

1.762 x l0 -4

2.081 x 10-2

1.695 x l0 -2

1.488 x 10-2

1.035 x 10-2

8.965 x 10-3

8.912 x 10-3

1.041 x 10-2

8.433 x 10 -3

6.981 x 10-3

6.606 x 10-3

6.449 x l0 -3

5.747 x l0 -3

5.041 x l0 -3

4.631 x l0 -3

4.532 x l0 -3

4.451 x l0 -3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

×/L
0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

y/L

0.1000

0.1000 7.]11

0.1000 7.992

0.1000 8.45O

0.1000 8.878

0.1000 1.138

0.1000 1.675

0.1000 1.401

0.1000 7.936

0.1000 5.119

0.1000 3.466

0.1000 2.338

0.1000 1.691

0.1000 1.294

0.1000 9.703

0.1333 4.420

0.1333 3.727

0.1333 4.149

0.1333 3.753

0.1333 3.614

0.1333 3.093

0.1333 3.819

0.1333 3.815

0.1333 3.326

0.1333 3.355

0.1333 3.378

0.1333 3.243

0.1333 3.137

0.1333 3.133

0.1333 3.371

0.1333 4.149

0.1333 5.489

0.1333 6.593

0.1333 7.715

0.1333 8.206

0.1333 8.473

5.672 x lO-

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -1

x 10 -1

x 10 -1

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10 -3

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

x 10 -2

× 10 -2

x 10-2

× 10 -2

× 10 -2

x 10-2

× 10-2

x 10-2

× 10-2

x 10-2

× 10 -2

× 10 -2

x 10 -2

x 10 -2

x 10 -2

Tzx/PocV 2

1.653 × 10 -c_3-....

--1.485 × 10 -3

--2.378 × 10-3

--3.499 X 10-3

--7.312 X l0 -3

--1.243 × 10-2

--3.359 X 10-4

2.010 × 10 -2

1.604 X 10 -2

1.311 × 10 -2

9.384 × 10 -3

8.142 X 10 -3

6.079 X 10 -3

4.593 × 10 -3

4.020 X 10 -3

5.032 X 10 -2

4.080 x 10 -2

3.496 x 10-2

2.647 x 10-2

2.181 x 10-2

2.182 x 10-2

2.435 x 10 -2

2.194 x 10 -2

1.761 x 10 -2

1.653 x 10 -2

1.555 x t0 -2

1.414 x 10 -2

1.271 x 10-2

1.175 x 10-2

1.008 × 10 -2

7.564 x 10-3

2.107 x 10-3

-4.585 x 10-4

-1.826 x 10 -3

-2.570 x t0 -3

-4.562 x 10 -3

-1.109 x 10-°

1.824 x 10-3

2.252 x 10-3

2.911 × 10-3

5.605 x 10-3

1.160 x 10 -2

1.457 x 10 -2

2.644 x 10 -3

-2.542 x 10 -3

-2.152 x 10 -3

-2.644 x 10 -3

-3.051 x 10 -3

-2.975 x 10-3

-2.567 x 10 -3

-1.998 × 10 -3

1.124 x 10-4

-5.370 x 10-5

9.584 × 10-5

4.734 × 10-5

-4.653 × 10-6

5.693 × 10 -5

2.170 x 10 -4

7.493 x 10 -5

-6.291 x 10 -5

1.892 × 10 -4

2.067 × 10 -5

-1.107 × 10 -4

7.391 x 10-5

2.251 × 10-4

2.685 × 10-4

8.333 × 10-4

1.748 × 10-3

2.165 × 10 -3

2.679 x 10 -3

3.362 × 10 -3

5.523 × 10 -3

q" / poo V3___
3.776 x 10-

2.970 x 10 -3

2.527 x 10-3

2.728 x 10 -3

4.001 x 10-3

7.150 x 10 -3

1.087 x 10-2

6.922 × 10 -3

2.694 x 10 -3

1.607 x 10 -3

9.096 x 10 -4

7.738 x 10 -4

5.205 × 10 -4

2.696 x 10 -4

2.239 × 10 -4

2.130 x 10-2

1.697 x 10-2

1.441 x 10-2

1.072 x 10-2

8.890 x 10-3

8.680 x 10-3

1.013 x 10-2

8.767 × 10-3

6.783 x 10 -3

6.627 × 10 -3

6.187 x 10 -3

5.589 x 10 -3

5.005 x 10 -3

4.658 x 10-3

4.599 x 10-3

4.634 x 10-3

3.750 × 10-3

3.069 x 10 -3

2.656 x 10 -3

2.592 × 10 -3

3.406 × 10 -3
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TableA.3:Surfacevariablesonupperplate,coarsegrid (con-
tinued).

x/L
0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

O.0333

0.0667

0.1000

0.1333

0.1667

0.2O00

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

y/L

O.1333

0.1333 1.342

0.1333 1.585

0.1333 1.159

0.1333 7.154

0.1333 4.616

0.1333 3.175

0.1333 2.285

0.1333 1.797

0.1333 1.295

0.1667 4.422

0.1667 3.960

0.1667 4.121

0.1667 3.719 ×

0.1667 3.620 x

0.1667 3.169 ×

0.1667 3.847 ×

0.1667 3.765 x

0.1667 3.315 x

0.1667 3.352 ×

0.1667 3.334 x

0.1667 3.249 x

0.1667 3.163 ×

0.1667 3.068 x

0.1667 3.234 ×

0.1667 3.948

0.1667 4.962

0.1667 6.320

0.1667 7.221

0.1667 7.895

0.1667 8.134

0.1667 8.362

0.1667 1.007

0.1667 1.371

0.1667 1.450

0.1667 1.130

P/PooV_
9.581 x 10-2

× 10-1

x 10-1

x 10-1

x 10-2

x 10-2

× 10-2

x 10-2

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

10 -2

10-2

10-2

10-2

10-2

10 -2

10-2

10-2

10-2

10-2

10-2

10-2

x 10-2

x 10 -2

x 10-2

x 10-2

× 10 -2

x 10 -2

x 10 -2

x 10-1

x 10-1

x 10-1

x 10-1

"rzx/p_V 2

-8.862 x 10 -3

-6.128 x 10 -3

1.169 x 10 -2

1.997 x 10 -2

1.576 x 10 -2

1.196 x 10 -2

9.068 × 10 -3

7.056 x 10 -3

6.283 x 10 -3

5.471 x 10 -3

5.070 x 10 -2

4.097 x 10 -2

3.558 x 10 -2

2.595 x 10-2

2.192 x 10 -2

2.238 x 10 -2

2.529 × 10 -2

2.112 x 10 -2

1.760 x 10 -2

1.628 x 10 -2

1.566 x 10 -2

1.400 x 10 -2

1.306 x 10 -2

1.128 x 10 -2

1.046 × 10-2

8.101 x 10-3

3.729 x 10 -3

3.01I × 10 -4

-1.044 x 10 -3

-1.730 x 10 -3

-2.566 x 10 -3

-4.658 x 10 -3

-6.220 x 10 -3

4.402 x 10 -4

1.431 × 10 -2

2.002 x 10 -2

"rzy/Pc_V 2

1.048 × 10-2

1.697 × 10-2

1.155 × 10-2

-1.100 x 10 -3

-4.361 x 10-3

-4.535 × lO-3

-4.168 × lO-3

-3.794 × 10-3

-3.909 x 10-3

-3.072 × 10-3

5.630 × 10 -5

-2.356 x 10 -4

1.152 × 10 -4

5.154 × 10-5

-2.307 x lO -5

3.417 x lO-5

-6.791 x 10-7

-1.276 x 10-4

1.350 × 10 -4

3.060 x 10 -5

2.399 × 10 -4

-9.370 × 10 -5

2.076 × 10 -4

1.108 x lO-4

3.605 × 10-4

1.112 × 10-3

1.621 × 10-3

2.535 x 10-3

3.137 × 10 -3

3.579 x lO -3

5.103 × 10 -3

8.461 x 10 -3

1.420 × 10-2

1.860 x lO-2

1.072 × 10-2

-8.589 × 10 -4

6i" /pooV_

5.391 x 10 -3

8.662 x 10 -3

9.069 x 10 -3

5.096 x 10 -3

2.545 x 10-3

1.539 x 10-3

9.441 x 10-4

6.453 × 10-4

5.124 x 10-4

3.851 x 10-4

2.159 x 10 -2

1.704 x 10 -2

1.470 x 10 -2

1.057 x 10 -2

8.950 x 10 -3

8.851 x 10 -3

1.040 x 10 -2

8.550 x 10-3

6.789 x 10-3

6.582 x 10-3

6.257 x 10-3

5.579 x 10 -3

5.106 × 10 -3

4.468 x 10 -3

4.515 x 10 -3

4.622 x 10 -3

3.921 x 10 -3

3.182 x 10-3

2.767 x 10-3

2.481 x 10 -3

2.917 x 10 -3

4.019 x 10 -3

5.989 x 10 -3

8.519 x 10 -3

7.600 x 10 -3

4.593 x 10 -3



x/L
0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

O.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

O.9333

0.9667

1.0000
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Table A.3: Surface variables on upper plate, coarse grid (con-

tinued).

_./L

0.1667

0.1667

0.1667

0.1667

0.1667

0.2000

0.2000

0.2000

0.2000

O.20O0

0.2OO0

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

O.2000

0.2000

0.2OOO

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.20O0

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2000

0.2OOO

O.2000

P/PooV_

7.318 x 10-2

4_920 x 10-2

3.640 x 10-2

2.598 x 10-2

1.838 x 10-2

5.088 x 10-2

3.759 x 10 -2

4.168 × 10-2

3.717 x 10 -2

3.598 x 10 -2

3.185 x 10 -2

3.826 x 10 -2

3.828 x 10 -2

3.353 x 10 -2

3.314 x 10 -2

3.338 x 10 -2

3.316 x 10 -2

3.115 x 10-2

3.038 x 10-2

3.208 x 10-2

3.592 x 10-2

4.667 x 10-2

5.736 x 10-2

6.849 × 10-2

7.512 x 10 -2

7.820 x 10 -2

7.986 x 10 -2

8.542 x 10 -2

1.023 x 10 -1

1.263 x 10 -1

1.333 x 10 -1

1.158 x 10 -1

8.715 × 10 -2

6.033 × 10 -2

4.654 × 10 -2

3.102 × 10 -2

Tzx/PooV2_

1.612 X 10 -2

1.166 X 10 -2

9.765 X 10 -3

7.526 X 10 -3

7.427 X 10 -3

5.793 X 10 -2

4.043 X 10 -2

3.497 X 10-2

2.613 X 10-2

2.175 X 10-2

2.206 X 10-2

2.485 X 10-2

2.169 X 10-2

1.762 X 10 -2

1.654 X 10 -2

1.562 × 10 -2

1.450 X 10 -2

1.283 X 10 -2

1.137 X 10 -2

1.052 X 10 -2

9.143 X 10 -3

4.770 × 10 -3

1.544 X 10 -3

--5.706 × 10 -4

--9.464 X 10 -4

--1.229 X 10-3

--2.680 X 10 -3

--4.047 X 10-3

--2.451 X 10-3

4.610 X 10 -3

1.581 X 10-2

1.820 X 10-2

1.791 X 10-2

1.343 X 10-2

1.152 X 10 -2

1.141 X 10 -2

_zy/pc_V_

-5.171 x 10 -3

-5.848 x 10 -3

-5.581 x 10 -3

-4.900 x 10-3

-3.990 × 10-3

-2.856 x 10-4

-1.201 × 10-4

-9.553 x 10-5

1.143 x 10-4

6.810 x 10-5

1.722 x 10-4

-8.397 × 10-5

1.531 x 10-5

-9.426 x 10-5

9.868 × 10-5

1.428 x 10 -4

-8.254 × 10 -5

2.260 x 10 -5

4.965 x 10 -4

2.302 × 10 -4

6.602 x 10-4

1.815 × 10-3

2.715 x 10-3

3.384 x 10-3

4.016 x 10-3

4.730 x 10-3

7.180 × lO-3

1.157 x 10-2

1.620 x 10-2

1.749 x 10-2

1.003 × 10-2

2.774 x 10-3

-3.498 x 10-3

-5.963 × 10-3

-5.948 x 10-3

-5.104 x 10 -3

6t" /p_V_

2.381 x 10 -;_

1.348 × 10 -3

9.577 × 10 -4

6.177 x 10 -4

4.945 x 10 -4

2.515 x lO -2

1.680 × 10 -2

1.440 x 10 -2

1.049 x 10 -2

8.785 x 10-3

8.740 x 10-3

1.020 x 10-2

8.758 x 10-3

6.806 x 10-3

6.470 × 10-3

6.327 x 10-3

5.806 x 10 -3

4.996 x 10-3

4.535 x 10 -3

4.533 × 10 -3

4.546 x 10 -3

3.861 x 10 -3

3.545 x 10 -3

2.849 × 10 -3

2.581 x 10 -3

2.564 x 10-3

3.408 x 10 -3

4.684 x 10 -3

6.088 x 10 -3

7.135 x 10 -3

6.249 x 10-3

4.400 x 10-3

2.842 x 10-3

1.551 × 10-3

1.096 x 10-3

8.841 x 10-4
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
timmd).

x/L _ y/L

-0 000/ 0.2333
o.o333|o.2333
0.066710.2333

0.1667 0.2333

0.2000 0.2333

0.2333 0.2333

0.2667 0.2333

0.3000 0.2333

0.3333 I 0.2333

0.3667 0.2333

0.4000 0.2333
0.4333 10.2333

0.466710.2333

0.5000 0.2333

0.5333 0.2333

0.5667 0.2333

0.6000 0.2333

0.6333 0.2333

0.6667 0.2333

0.7000 0.2333

0.7333 0.2333

0.7667 0.2333

0.8000 0.2333

0.8333 0.2333

0.8667 0.2333

0.9000 0.2333

0.9333 0.2333

0.9667 0.2333

1.0000 ] 0.2333

0.0000 I 0.2667

0.0333 0.2667

0.0667 0.2667

0.1000 0.2667

0.1333 I 0.2667

__ P/Poo V2

4.661 × 10 -2

3.'732 x 10 -2

4.110 x lO -2

3.743 × 10 -2

3.560 x 10 -2

3.166 x 10 -2

3.834 x 10 -2

3.754 × 10 -2

3.325 x 10 -2

3.318 x 10 -2

3.359 x 10 -2

3.296 x 10 -2

3.138 x 10 -2

2.984 x 10 -2

3.145 × 10 -2

3.457 x 10 -2

4.194 x 10 -2

5.320 x 10 -2

6.299 x 10 -2

7.081 x 10 -2

7.474 x 10 -2

7.591 x 10-2

7.587 × 10 -2

8.148 x 10-2

9.328 x 10-2

1.107 x 10-1

1.186 x 10-1

1.141 x 10-1

9.300 x 10-2

7.450 x 10 -2

5.485 x 10 -2

4.422 × 10 -2

3.936 x 10 -2

4.059 x 10 -2

3.702 x 10 -2

3.591 x 10 -2

_-_.x/Pc_V'_
5.233 x 10 -z

4.013 x 10 -2

3.445 x 10 -2

2.630 x 10 -2

2.163 x 10 -2

2.220 x 10 -2

2.479 x 10 -2

2.141 x 10 -2

1.759 x 10 -2

1.622 x 10 -2

1.545 x 10 -2

1.420 x 10 -2

1.289 x 10 -2

1.145 x 10 -2

1.053 x 10 -2

9.424 x l0 -3

6.722 x 10 -3

2.482 x 10 -3

4.601 x 10 -4

-3.209 x 10 -4

-2.434 x 10 -4

-6.730 x 10 -4

-1.472 x 10 -3

-1.767 x 10-3

7.590 x 10 -6

6.116 x 10 -3

1.319 x 10 -2

1.676 x 10 -2

1.772 x 10-2

1.711 x 10-2

1.869 x 10-2

4.977 x l0 -2

4.095 x 10-2

3.480 x l0 -2

2.599 x l0 -2

2.161 x l0 -2

Tzy/Po0 V2

--1.369 X 10 -4

3.906 X 10 -5

1.162 X 10 -4

--2.144 X 10 -4

-1.050 x 10 -5

2.186 x 10 -4

1.479 x 10 -4

3.666 x 10 -6

1.487 x 10 -4

2.706 x 10 -4

-1.395 x 10 -4

-1.855 x 10 -4

-9.096 x 10 -5

1.982 x 10 -4

1.082 x 10 -4

6.713 x 10 -4

1.535 x 10-3

2.565 x l0 -3

3.572 x l0 -3

3.943 x 10-3

4.419 x 10-3

5.709 x l0 -3

8.570 x 10-3

1.271 x 10-2

1.593 x 10-2

1.677 x 10-2

1.224 x 10-2

7.764 x 10-3

8.125 x 10 -4

-2.603 x 10-3

-3.236 x 10-3

1.944 x l0 -4

-1.820 x 10-5

-1.19I x 10-4

-4.294 x 10-6

5.581 x 10 -6

q Ipoovc_
2.229 x 10 -2

1.666 x 10 -2

1.418 x 10 -2

1.075 x 10 -2

8.766 x 10 -3

8.911 x l0 -3

1.023 x l0 -2

8.666 x 10 -3

6.814 x 10 -3

6.477 x 10 -3

6.213 x 10 -3

5.637 x 10 -3

4.916 x 10 -3

4.426 x 10 -3.

4.369 x 10 -3

4.470 x 10 -3

4.259 x 10 -3

3.601 x 10 -3

3.040 x 10 -3

2.630 x 10 -3

2.413 x 10 -3

2.698 x 10 -3

3.504 x 10 -3

4.563 x 10-3

5.391 x l0 -3

5.886 x l0 -3

5.214 x l0 -3

4.497 x 10-3

2.882 x 10-3

2.106 x l0 -3

1.708 x 10-3

2.109 x 10-2

1.706 x 10-2

1.431 x l0 -2

1.049 x l0 -2

8.827 x 10-3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

x/L y/L
0.1667 0.2667
0.2000
0.2333
0.2667
0.3000
0.3333
0.3667
0.4000
0.4333
0.4667
0.5000
0.5333
0.5667
O.60OO
0.63331
0.6667
0.7000
0.7333
0.7667
0.8000
0.8333
0.8667
0.9000
0.9333
0.9667
1.0000
0.0000
0.0333
0.0667
0.1000
0.1333
0.1667
0.2000
0.2333
O.2667
0.3000

0.2667
0.2667
0.2667
0.2667
0.2667
0.2667
0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.26671

0.26671

0.2667

0.2667

0.2667

0.2667

0.2667i

O.2667

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

P/pooV2__
10-

3.880 x 10-2

3.739 x 10 -2

3.331 x 10-2

3.359 x 10 -2

3.344 x 10 -2

3.262 x 10 -2

3.139 x 10 -2

3.007 x 10-2

3.050 x 10-2

3.309 x 10-2

3.883 x 10-2

4.795 x 10-2

5.767 x 10-2

6.568 x 10 -2

7.097 x 10 -2

7.279 x 10 -2

7.261 x 10 -2

7.201 × 10 -2

7.631 x 10 -2

8.445 x 10 -2

9.625 x 10 -2

9.930 x 10-2

9.943 x 10-2

9.058 x 10-2

7.142 x 10-2

4.485 x 10-2

3.811 x 10-2

4.111 x 10-2

3.738 × 10-2

3.554 x 10-2

3.031 x 10-2

3.723 x 10-2

3.758 x 10-2

3.298 x 10-2

3.279 × 10 -2

x/Poo" ,2 I

2.242 × 10-"

2.560 x 10-2

2.085 x 10-2

1.748 x 10 -2

1.649 x 10 -2

1.556 x 10 -2

1.427 x 10 -2

1.306 x 10 -2

1.154 x 10-2

1.061 x 10-2

9.715 x 10-3

7.985 x 10-3

4.047 x 10-3

1:402 x 10-3

3.864 x 10-4

2.762 x 10-4

3.300 x 10-4

1.070 x 10 -4

-2.211 x 10 -5

3.069 x 10 -4

2.467 x 10 -3

7.222 x l0 -3

1.078 x l0 -2

1.483 x 10 -2

1.791 x 10 -2

2.199 × 10 -2

5.080 × 10 -2

4.089 × l0 -2

3.310 x 10-2

2.630 x 10-2

2.138 x 10-2

2.152 x 10-2

2.431 x 10-2

2.149 × 10-2

1.764 x 10-2

1.635 × l0 -2

V 2 _TzY/Poo CO

2.476 X 10-4

3.421 X 10-4

--1.772 X 10 -5

8.801 x 10 -5

1.286 x 10 -4

-7.587 x 10 -5

-1.323 x 10 -4

1.475 x 10 -4

2.025 x 10 -4

1.889 x 10 -4

6.013 x 10-4

1.292 x 10-3

2.521 x 10-3

3.550 x 10-3

4.182 x 10-3

4.374 x 10-3

4.927 x 10-3

6.448 x 10-3

9.000 x 10 -3

1.309 x 10 -2

1.556 x 10 -2

1.662 x 10 -2

1.475 x 10 -2

1.036 x 10 -2

7.819 x 10 -3

4.017 x 10 -3

1.074 x 10 -4

-1.462 x 10-4

3.624 x 10-4

1.754 x 10-4

1.240 x 10-4

3.373 x 10-4

-1.112 x 10-4

8.677 × 10-5

1.462 x 10-4

1.331 x 10-4

q /Pco_
8.--_ x 10-

1.050 x 10 -2

8.435 x 10 -3

6.782 x 10-3

6.657 x 10 -3

6.206 x 10 -3

5.595 x 10 -3

5.066 x 10-3

4.556 x 10-3

4.234 x 10-3

4.389 x 10-3

4.447 x 10-3

3.663 x 10-3

3.205 x 10 -3

2.760 x 10 -3

2.474 x i0 -3

2.374 x 10 -3

2.769 x 10 -3

3.380 x 10 -3

4.316 x 10 -3

4.878 x 10 -3

5.239 x 10 -3

4.740 x 10-3

3.897 x 10 -3

3.415 x 10 -3

2.873 x 10 -3

2.139 x 10-2

1.697 x 10-2

1.349 x 10-2

1.071 x 10-2

8.611 x 10-3

8.388 x 10-3

1.007 × 10-2

8.884 x 10-3

6.833 x 10-3

6.721 x 10-3
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Table A.3: Surface variables on upper plate, coarse grid (con-

tinued).

x/L y/L

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

O.2000

O.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

O.3O0O

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

0.3000

O.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

0.3333

P/P_V L

3.366 × 10 -2

3.311 × 10 -2

3.078 x 10 -2

3.013 × 10 -2

3.060 x 10 -2

3.159 x 10 -2

3.511 × 10 -2

4.348 x 10 -2

5.212 x 10 -2

5.967 x 10 -2

6.570 × 10 -2

6.957 x 10 -2

6.989 x 10 -2

6.926 x 10 -2

6.778 x 10 -2

6.978 x 10 -2

7.279 x 10 -2

7.974 × 10 -2

8.011 x 10 -2

8.022 x 10 -2

6.636 x 10 -2

5.475 x 10 -2

4.269 × 10 -2

3.981 × 10 -2

3.594 x 10 -2

3.596 x 10 -2

3.116 x 10 -2

3.723 x 10 -2

3.743 x 10 -2

3.380 x i0 -2

3.399 x 10 -2

3.345 x 10 -2

3.303 x 10 -2

3.147 x 10 -2

3.012 x 10 -2

3.031 x 10 -2

_-zx/pocVL

1.560 x 10 -2

1.450 × 10 -2

1.261 × 10 -2

1.181 × 10 -2

1.081 × 10 -2

1.020 x 10 -2

8.345 x 10 -3

5.598 x 10 -3

2.356 × 10 -3

1.088 x 10 -3

6.940 x 10 -4

9.738 x 10 -4

1.185 x 10 -3

9.567 x 10 -4

1.110 x 10 -3

1.817 x 10 -3

3.791 x 10 -3

6.419 x 10 -3

9.327 x 10 -3

1.418 x 10 -2

2.093 x 10 -2

6.234 x 10 -2

4.227 × 10 -2

3.309 x 10 -2

2.443 x 10 -2

2.160 x 10 -2

2.217 × 10 -2

2.461 x 10 -2

2.100 x 10 -2

1.815 x 10 -2

1.688 x 10 -2

1.581 x 10 -2

1.441 x 10 -2

1.322 x 10 -2

1.165 x 10 -2

1.092 x 10 -2

Tzy/pooV L

-2.615 x 10 -o

-4.436 x 10 -5

4.782 x 10 -5

-1.804 x 10 -4

1.920 x 10 -4

5.102 x 10 -4

1.245 × 10 -3

2.034 x 10 -3

3.223 x 10 -3

4.047 x 10 -3

4.453 x 10 -3

4.846 x 10 -3

5.064 x 10 -3

6.592 x 10 -3

8.770 x 10 -3

1.181 x 10 -2

1.400 x 10 -2

1.475 x 10 -2

1.397 x 10 -2

1.256 x 10 -2

1.118 x 10 -2

1.265 x 10 -5

3.813 x 10 -4

-4.800 × 10 -4

-2.242 × 10 -5

2.931 x 10 -5

5.068 × 10 -5

-1.331 x 10 -4

-8.585 x 10 -5

-4.613 × 10 -5

5.041 x 10-5

1.899 x 10-4

1.693 x 10-4

-1.131 x 10 -4

1.835 x 10-5

4.332 x 10-5

q /PooVc_
6.343 x 10-3

5.663 x 10-3

4.929 x 10-3

4.604 x 10-3

4.303 x 10-3

4.300 x 10-3

4.287 x 10-3

3.828 x 10-3

3.334 x 10-3

2.897 x 10-3

2.587 x 10 -3

2.362 x 10 -3

2.368 x 10 -3

2.697 x 10 -3

3.137 x 10 -3

3.735 x 10-3

4.074 x 10-3

4.226 × 10-3

3.894 x 10-3

3.667 x 10-3

3.546 x i0 -3

2.714 x 10-2

1.750 x 10-2

1.356 x 10-2

9.933 X 10-3

8.822 x 10-3

8.872 x 10-3

1.008 × 10 -2

8.457 x 10 -3

7.081 x 10 -3

6.788 x 10 -3

6.292 x 10 -3

5.626 x 10 -3

5.086 x 10 -3

4.583 x 10 -3

4.395 x 10 -3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
timmd).

x/L y/L
0.5000 0.3333
0.5333 0.3333
0.5667 0.3333
0.6000 0.3333
0.6333 0.3333
0.6667 0.3333
0.7000 0.3333
0.7333 0.3333
0.7667 0.3333
0.8000 0.3333
0.8333 0.3333
0.8667 0.3333
0.9000 0.3333
0.9333 0.3333
0.9667 0.3333
1.0000 0.3333
0.0000 0.3667
0.0333 0.3667
0.0667 0.3667
0.1000 0.3667
0.1333 0.3667
0.1667 0.3667
0.2000 0.3667
0.2333 0.3667
0.2667 0.3667
0.3000 0.3667
0.3333 0.3667
0.3667 0.3667
0.4000 0.36671
0.4333 0.3667
0.4667 0.36671
0.5000 0.3667
0.5333 0.3667
0.5667 0.3667
0.6000 0.3667
0.6333 0.3667

P/pooV_
3.089× 10-2
3.303x 10-2
3.848× 10-2
4.603× 10-2
5.454× 10-2
6.022× 10-2
6.450x 10-2
6.680x 10-2
6.646x 10-2
6.510x 10-2
6.352x 10-2
6.372× 10-2
6.362x 10-2
6.557x 10-2
6.098x 10-2
5.193x 10-2
4.337x lO-2
3.969x 10-2
4.013× lO-2
3.651× 10-2
3.539x 10-2
3.047x 10-2
3.844x 10-2
3.817x 10-2
3.323x 10-2
3.277x 10-2
3.336x 10-2
3.319x 10-2
3.081x 10-2
3.027x 10-2
3.027x 10-2
3.019x 10-2
3.158x 10-2
3.388x lO-2
4.120x 10-2
4.794x lO-2

Tzx/PocV_

1.023 x 10-2

9.220 x 10-3

7.201 x 10-3

3.951 × 10 -3

2.215 × 10 -3

1.498 x 10 -3

1.305 x 10 -3

1.412 x 10 -3

1.857 x 10 -3

2.005 x 10 -3

2.376 x 10 -3

3.446 x 10 -3

5.326 x 10 -3

7.530 x 10 -3

1.023 x lO-2

1.539 x lO-2

4.934 × 10-2

4.155 x 10-2

3.207 x 10-2

2.568 x 10-2

2.134 x 10-2

2.084 × 10-2

2.489 x 10-2

2.157 × 10-2

1.771 x 10-2

1.652 x 10-2

1.559 x 10-2

1.465 x 10-2

1.291 x 10-2

1.192 x 10-2

1.103 x 10-2

1.040 x 10-2

9.474 x 10-3

8.323 x 10-3

5.403 × lO-3

3.581 × 10-3

Tzy/PcoV 2

--5.021 × 10 -4

8.136 X 10 -4

1.822 X 10 -3

2.883 x 10 -3

3.774 X 10 -3

4.553 X 10 -3

4.769 X 10 -3

4.986 X 10 -3

5.205 × 10 -3

6.391 × 10 -3

8.923 X 10 -3

1.143 X 10 -2

1.250 × 10 -2

1.372 × 10 -2

1.291 × 10 -2

1.213 X 10 -2

--3.359 X 10 -5

2.562 X 10 -4

--1.430 × 10 -5

--2.088 X 10 -4

--1.517 × 10 -4

2.033 × 10 -4

--1.864 x 10 -4

6.129 X 10 -5

--9.943 × 10 -5

2.105 x 10 -4

--1.004 X 10 -4

--1.664 × 10 -4

7.264 X 10 -5

--1.728 × 10 -4

3.147 X 10 -4

3.906 x 10 -4

4.284 X 10 -4

1.415 × 10 -3

2.470 × 10 -3

3.415 X 10 -3

q /PocV_
4.194 X 10-3

4.155 x 10-3

4.081 X 10 -3

3.423 X 10 -3

3.180 x 10 -3

2.886 X 10 -3

2.517 X 10 -3

2.314 X 10 -3

2.254 x 10 -3

2.526 X 10 -3

3.119 X 10 -3

3.654 x 10-3

3.748 X 10 -3

3.790 X 10 -3

3.448 X 10 -3

3.401 x 10-3

2.098 X 10 -2

1.726 × 10 -2

1.319 X 10 -2

1.039 x 10 -2

8.692 x 10 -3

8.222 X 10 -3

1.027 x 10 -2

8.973 X 10-3

6.866 X 10 -3

6.690 X 10 -3

6.263 X 10 -3

5.797 X 10 -3

4.972 X 10 -3

4.502 x 10 -3

4.455 X 10 -3

4.218 X 10 -3

4.109 X 10 -3

4.130 X 10 -3

3.565 × 10 -3

3.261 × 10 -3
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Table A.3: Surface variables on upper plate, coarse grid (con-

tinued).

x/i
0.6667

0.7000

0.73331

0.7667 [

0.8000

0.8333

0.8667!

0.9000

0.9333

O.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2O0O

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

y/L i
0. 6 7-
0.3667

0.3667

0.3667[

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.3667

0.4000

0.4000

0.4000

0.4000

0.40OO

0.4000

0.40001

0.40001

0.4000

0.4000

0.4000

0.4000

0.40OO

0.4000

0.4000

0.4000

0.4000

0.4000

O.4000

O.40OO

0.4000

0.4000

0.4000

0.4000

0.4000

2

P/PooVL_____
5.456 × 10-

5_913 x 10 -2

6.200 x 10-2

6.339 x 10-2

6.206 x 10-2

6.098 x 10-2

5.811 x 10.2

5.653 x I0-2

5.358 x 10 -2

4.820 x 10-2

4.360 x 10-2

5.302 x 10-2

4.016 x 10-2

4.257 x 10-2

3.671 x 10-2

3.547 x 10-2

3,118 x 10-2

3.800 x 10-2

3.796 x 10-2

3.290 x lO-2

3.235 x lO-2

3.304 x 10-2

3.269 x 10 -2

3.094 x 10 -2

2.927 x 10 -2

2.952 x lO-2

2.956 x 10 -2

3.010 x 10 -2

3,210 x 10 -2

3.579 x 10 -2

4,243 x lO -2

4.812 x 10 -2

5.357 x 10-2

5.668 x 10-2

5.837 x lO-2

5.867 x lO-2

2.317 x 10 -3

2.218 x 10-3

1.978 x 10 .3

2.547 x 10-3

2.632 x 10 -3

2.957 x 10-3

3.392 x 10-3

3.972 x 10-3

5.528 x 10-3

8.557 x 10-3

1.404 x 10-2

6.034 x 10-2

4.123 x 10-2

3.517 x 10-2

2.554 x 10-2

2.134 x 10-2

2.171 x 10-2

2.530 x 10-2

2.124 x 10-2

1.751 x 10 -2

1.613 x 10 -2

1.551 x 10 -2

1.418 x 10 -2

1.274 x 10 -2

1.164 x 10 -2

1.107 x lO -2

1.043 x lO -2

9.481 x 10 -3

8.556 x lO -3

7.234 x lO-3

4.881 x 10-3

3.287 x 10-3

2.654 x 10-3

2.234 x 10-3

2.606 x lO-3

2.682 x 10-3

TzylPoo V2 _

4.453 x 10-_

4.867 x 10-3

5.276 x 10-3

5.495 x 10-3

6.029 x 10-3

6.418 x 10 -3

8.043 x 10 -3

9.449 x 10 -3

9.907 x 10 -3

1.094 x 10 -2

1.250 x 10 -2

-3.040 x 10-4

6.521 x 10 -5

-3.291 x 10-4

-8.132 x 10-5

6.418 x 10 -5

4.509 x lO -5

5.440 x lO -5

6.593 x lO -5

-5.914 x 10 -5

-3.630 x lO -5

4.992 x 10 -5

1.561 x 10 -4

6.685 x 10-5

3,297 x 10-4

1.171 x 10 -4

2.149 x 10-4

5.230 x 10-4

i.163 x 10-3

1.859 x 10-3

2.945 x lO-3

4.121 x 10-3

4.592 x 10-3

5.159 x lO-3

5.534 x 10-3

5.327 x 10-3

•. - V 3
¢Y"l P_oc ______

3.066 x 10-

2.757 x 10 -3

2.516 x 10 -3

2.397 x 10 -3

2.375 x 10 -3

2.472 × 10 -3

2.737 x 10 -3

2.914 x 10 -3

2.871 x 10 -3

3.072 x 10 -3

4.016 x 10 -3

2.612 x 10 -2

1.713 x 10 -2

1.447 x 10 -2

1.032 x 10 -2

8.720 x 10 -3

8.654 x 10 -3

1.046 x 10 -2

8.609 x 10 .3

6.719 x 10 -3

6.502 x 10 -3

6.246 x 10 -3

5.612 x 10 -3

4.991 x 10 .3

4.495 x 10 -3

4.430 x 10 -3

4.137 x 10 -3

3.937 x 10 .3

3.983 x 10 -3

3.997 x 10 -3

3.434 x 10 -3

3.266 x 10 -3

2.939 x 10-3

2.658 x 10-3

2.435 x 10-3

2.213 x 10-3
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Table A.3: Surface variables on upper plate, coarse grid (con-
tinued).

x/L y/L

0.8333 0.4000

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

O.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

O.6667

0.7000

0.7333i

0.7667

0.80001
0.8333

0.8667

0.9000

0.9333

0.9667

0.4000

0.4000

0.4000

0.4000

0.4000

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

0.4333

p/po VL

5.567 × 10 -2

5.247 × 10 -2

4.916 x 10 -2

4.266 x 10 -2

3.978 x 10 -2

5.471 x 10 -2

3.803 × 10 -2

4.247 × 10 -2

3.699 × 10 -2

3.522 x 10 -2

3.074 × 10-2

3.766 × 10 -2

31746 x 10 -2

3.340 x 10 -2

3.33I x 10 -2

3.333 x 10 -2

3.307 × 10 -2

3.031 × 10 -2

2.909 x 10 -2

2.899 × 10 -2

2.899 × 10 -2

2.935 × 10-2

2.968 × 10-2

3.253 × 10-2

3.625 x 10 -2

4.238 × 10-2

4.723 × 10 -2

5.130 × 10 -2

5.344 x 10 -2

5.475 x 10 -2

5.430 x 10 -2

5.280 × 10-2

5.046 x 10-2

4.647 x 10-2

4.103 x 10 -2

_-zx/pccV 2
3.213 xl0 -3

3.730 x 10 -3

4.242 x 10 -3

4.909 x 10 -3

7.573 x 10 -3

1.262 x 10 -2

6.125 x 10 -2

4.102 x 10 -2

3.351 x 10 -2

2.607 x 10 -2

2.133 x 10 -2

2.145 × 10 -2

2.436 x 10 -2

2.134 × 10 -2

1.768 x 10 -2

1.678 x 10 -2

1.556 x 10 -2

1.464 x l0 -2

1.282 x l0 -2

1.174 x 10 -2

1.098 x 10 -2

1.041 x 10 -2

9.808 × 10-3

8.932 × 10-3

7.785 x 10-3

6.815 x 10 -3

4.293 x 10 -3

3.524 x l0 -3

3.033 × 10 -3

3.121 x 10 -3

3.103 x 10 -3

3.361 × l0 -3

3.692 x l0 -3

4.270 × l0 -3

5.005 × l0 -3

6.935 × l0 -3

_-zy/PooV2_ _

5.710 x 10-3

5.860 x 10 -3

6.519 x 10-3

7.033 x 10 -3

8.173 x 10 -3

1.042 x 10 -2

9.967 x 10 -5

-7.098 x 10 -5

2.428 x 10 -4

- 1.077 x 10 -4

-1.078 x 10 -5

--1.740 x 10 -5

-6.048 x 10 -5

-7.038 x 10 -5

5.766 x 10-5

1.624 × 10-4

-1.305 × 10-4

-5.498 x 10-5

1.193 × 10 -5

1.562 × 10 -4

1.585 × 10 -4

1.693 × 10 -4

5.168 × 10-4

9.120 x 10-4

1.610 × 10-3

2.515 x 10-3

3.314 × 10 -3

4.323 × 10 -3

4.80I x 10 -3

5.113 x 10 -3

5.364 × 10 -3

5.165 × 10 -3

5.218 x 10-3

5.245 × 10-3

5.427 x 10-3

6.218 x 10 -3

¢'/pooVL
-;lo

2.238 × 10-3

2.237 x 10 -3

2.290 x 10 -3

2.691 × 10-3

3.755 × 10-3

2.685 × 10-2

1.708 x 10-2

1.370 x 10-2

1.064 × 10-2

8.722 × 10 -3

8.366 x 10 -3

1.017 × 10 -2

8.539 x 10 -3

6.867 × 10 -3

6.620 x 10 -3

6.221 x 10-3

5.796 × 10-3

4.931 x 10-3

4.575 x 10-3

4.337 x 10-3

4.132 × 10 -3

3.919 × 10 -3

3.805 × 10 -3

3.851 × 10 -3

3.812 x 10-3

3.126 × 10-3

3.107 × 10-3

2.809 × 10-3

2.528 x 10-3

2.373 × 10-3

2.197 × 10 -3

2.053 × 10 -3

1.982 x 10 -3

2.025 x 10 -3

2.298 × 10-3



1.0000
0.0000
0.0333
0.0667
0.1000
0.1333
0.1667
0.2OOO
0.2333
0.2667
0.3000
0.3333
0.3667
0.4000
0.4333
0.4667
0.5000
0.5333
0.5667
0.6000
0.6333
0.6667
0.7000
O.7333
0.7667
0.8000
0.8333
0.8667
0.9000
0.9333
0.9667
1.O000
0.0000
0.0333
0.0667
O.lO00
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

y/L
0.4333
0.4667 5.176
0.4667 3.739
0.4667 4.142

0.4667 3.764

0.4667 3.601

0.4667 3.151

0.4667 3.846

0.4667 3.732

0.4667 3.277

0.4667 3.327

0.4667 3.336

0.4667 3.220

0.4667 3.039

0.4667 2.842

0.4667 2.842

0.4667 2.846

0.4667 2.816

0.4667 2.804

0.4667 2.932

0.4667 3.296

0.4667 3.782

0.4667 4.156

0.4667 4.501

0.4667 4.851

0.4667 4.972

0.4667 5.040

0.4667 4.966

0.4667 4.768

0.4667 4.469

0.4667 3.967

0.4667 3.677

0.5000 5.321

0.5000 3.845

0.5000 4.120

0.5000 3.732

p/pocV 2

3.756 x 10 -2

x 10 -2

x 10-2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10-2

Tzx/PccV 2

1.164 X 10--c_2 --

5.918 × 10 -2

4.003 x 10 -2

3.589 × 10 -2

2.624 × 10 -2

2.187 × 10 -2

2.226 x 10 -2

2.504 x 10 -2

2.114 x 10 -2

1.767 x 10 -2

1.644 x 10-2

1.553 x 10-2

1.426 x 10-2

1.286 × 10-2

1.139 x 10-2

1.089 x 10-2

1.061 x lO-2

9.745 × lO-3

8.862 x lO-3

8.127 x lO-3

7.264 x lO-3

6.665 x lO -3

4.560 x 10 -3

3.765 x 10-3

3.326 x 10-3

3.469 x lO -3

3.718 x 10 -3

3.929 × lO -3

4.598 x lO -3

5.141 x 10 -3

7.176 x 10 -3

1.141 x lO -2

6.093 x 10 -2

4.065 × 10 -2

3.522 x 10 -2

2.592 x 10 -2

Tzy/pooV_q

7.753 X 10-a

8.455 x 10-5

-4.246 x 10-5

7.590 x 10-5

-5.521 x 10-5

-2.644 x 10-5

-1.236 x 10-4

-5.182 x 10-4

-3.242 × 10-5

3.447 x 10-5

2.048 x 10-4

-5.580 x 10-5

2.588 x lO-4

7.767 x lO-5

1.727 x 10-4

4.388 x 10-4

4.529 x 10-4

4.306 x 10-4

7.392 x 10-4

1.427 x 10-3

2.092 x 10-3

2.827 x 10 -3

3.776 x 10 -3

4.341 x 10 -3

4.848 x 10 -3

4.777 × 10-3

4.939 x 10 -3

4.957 × 10 -3

4.613 x 10 -3

4.580 x 10 -3

5.071 x I0 -3

6.630 x 10 -3

-3.241 x 10 -4

2.141 x 10 -5

5.903 x 10-5

9.633 x 10 -6

(:l" / p_ V_

3.297x 10-3

2.564x 10-2

1.663x 10-2

1.486x 10-2

1.071x 10-2

8.873x 10-3

8.801x 10-3

1.034x 10-2

8.602x 10-3

6.866x 10-3

6.676x 10-3

6.301 x 10-3

5.612x 10-3

4.934 x 10-3

4.369 x 10 -3

4.238 x 10-3

4.204 x 10 -3

3.903 × 10 -3

3.646 x 10 -3

3.554 × 10 -3

3.621 × 10 -3

3.863 × 10 -3

3.075 x 10 -3

2.919 x 10 -3

2.652 x 10-3

2.423 × 10 -3

2.290 × 10 -3

2.147 × 10 -3

1.984 x 10 -3

1.956 x 10 -3

2.250 x 10 -3

3.053 x 10 -3

2.664 x 10 -2

1.687 x 10 -2

1.455 x 10 -2

1.061 x 10 -2
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Table A.3: Surface variables on upper plate, coarse grid (con-
tinued).

x/L
0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333i

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

y/L

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000

0.5000
0.5000

0.5000

0.50001

0.5000

0.5000

0.5000

0.5333

0.5333

0.5333

0.5333

0.5333

0.5333

0.5333

0.5333

0.5333

p/p vL

3)156 x 10 -2

3.733 x 10 -2

3.772 × 10 -2

3.300 x 10 -2

3.323 × 10 -2

3.274 × 10-2

3.207 x 10-2

2.997 × 10-2

2.786 × 10 -2

2.776 × 10 -2

2.786 × 10 -2

2.713 × 10 -2

2.675 × 10 -2

2.765 × 10-2

2.973 x 10 -2

3.329 x 10-2

3.642 x 10-2

4.013 × 10-2

4.272 x 10 -2

4.538 x 10 -2

4.616 × 10 -2

4.618 × 10 -2

4.487 × 10 -2

4.272 x 10-2

3.832 x 10 -2

3.519 x 10-2

5.065 × 10-2

3.765 × 10 -2

4.130 × 10 -2

3.714 × 10 -2

3.598 × 10 -2

3.227 x 10-2

3.812 x 10-2

3.649 x 10-2

3.330 × 10-2

"rzx/p_ V'_
2.172 x 10 -2

2.218 × 10 -2

2.431 x 10 -2

2.155 × 10 -2

1.756 × 10 -2

1.651 × 10-2

1.546 x 10-2

1.440 × 10-2

1.295 x 10 -2

1.138 × 10 -2

1.081 × 10 -2

1.028 x 10 -2

9.740 x 10 -3

9.090 × 10-3

8.134 x 10-3

7.412 × 10 -3

6.950 × 10-3

6.059 x 10-3

4.615 x 10 -3

3.976 × 10 -3

3.843 x 10 -3

4.054 × 10 -3

4.352 × 10 -3

4.765 × 10-3

5.420 x 10-3

8.252 x 10-3

1.109 × 10-2

5.763 × 10 -2

4.050 × 10 -2

3.439 × 10 -2

2.619 x 10 -2

2.153 × 10 -2

2.230 × 10-2

2.511 × 10-2

2.073 × 10-2

1.798 x 10 -2

Tzy / poo V 2
1.56o × lo _-

-9.806 x 10 -5

1.903 x 10 -4

8.008 x 10 -5

2.911 x 10 -4

7.600 × 10 -5

1.505 × 10 -4

5.567 × 10 -4

2.719 × 10 -4

4.803 x 10 -4

4.156 × 10 -4

5.573 × 10 -4

4.682 × 10 -4

7.660 × 10 -4

1.012 x 10 -3

1.777 x 10 -3

2.690 × 10 -3

3.168 × 10 -3

3.909 x 10 -3

4.182 × 10 -3

4.595 x 10 -3

4.680 × 10 -3

4.613 × 10 -3

4.284 × 10 -3

4.275 × 10 -3

5.103 × 10 -3

5.867 × 10 -3

2.023 × 10 -4

1.577 × 10 -4

6.918 × 10-5

-6.243 × 10 -5

1.841 × 10-6

9.124 × 10-5

2.389 x 10 -4

4.570 x 10 -5

1.346 × 10 -4

8.809 x 10-

8.710 x 10 -3

1.008 x 10 -2

8.671 × 10 -3

6.869 × 10 -3

6.529 x 10 -3

6.201 x 10-3

5.563 x 10-3

4.938 x 10-3

4.351 x 10 -3

4.219 x 10 -3

3.966 x 10 -3

3.798 x 10 -3

3.589 x 10 -3

3.409 x 10 -3

3.475 × 10 -3

3.674 x 10 -3

3.479 x 10 -3

2.968 x 10-3

2.810 x 10-3

2.676 × 10-3

2.563 x 10-3

2.390 x 10-3

2.240 x 10 -3

2.143 × 10 -3

2.603 x 10 -3

2.959 x 10 -3

2.485 x 10-2

1.674 × 10-2

1.415 × 10-2

1.064 × 10-2

8.764 x 10 -3

8.791 x 10 -3

1.036 x 10-2

8.341 x 10-3

6.901 × 10 -3
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Table A.3: Surface variables on upper plate, coarse grid (con-
timmd).

x/L
0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

O.60OO

0.6333

O.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

y/L

0.5333

0.5333 3.198

0.5333 3.077

0.5333 2.945

0.5333 2.729

0.5333 2.692

0.5333 2.701

0.5333 2.621

0.5333 2.613 x

0.5333 2.583 ×

0.5333 2.772 x

0.5333 2.900 ×

0.5333 3.280 x

0.5333 3.494 x

0.5333 3.866 x

0.5333 4.058 x

0.5333 4.243 x

0.5333 4.267 x

0.5333 4.237 x

0.5333 4.018 x

0.5333 3.735 x

0.5333 3.328 x

0.5667 5.373 x

0.5667 3.853 ×

0.5667 4.171 x

0.5667 3.714 x

0.5667 3.518 x

0.5667 3.167 x

0.5667 3.798 x

0.5667 3.652 x

0.5667 3.230 x

0.5667 3.144 ×

0.5667 3.160 ×

0.5667 3.046 x

0.5667 2.849 x

0.5667 2.648 x

P/PccV_

3.214 × 10 -2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

10-2

10-2

10-2

10-2

10-2

10 -2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

l0 -2

10-2

10-2

10 -2

10-2

10-2

10-2

10 -2

10 -2

10- 2

10 -2

10-2

10-2

i0 -2

10 -2

1.534 x 10 -2

1.382 x 10-2

1.270 × 10 -2

1.131 x 10-2

1.055 x 10-2

1.024 x 10 -2

9.629 × 10 -3

8.989 × 10 -3

8.222 x 10 -3

7.697 x 10 -3

6.940 x 10 -3

6.598 x 10 -3

5.844 × 10 -3

4.958 x 10 -3

4.334 × 10 -3

4.219 × 10 -3

4.578 x 10 -3

5.039 × 10 -3

5.558 x 10 -3

8.276 x 10 -3

1.047 x 10 -2

6.182 x 10 -2

4.047 x 10 -2

3.550 x 10 -2

2.600 × 10 -2

2.125 x 10 -2

2.213 x 10 -2

2.486 x 10-2

2.091 × l0 -2

1.750 x 10 -2

1.593 x 10 -2

1.532 x 10 -2

1.390 x 10 -2

1.262 x 10 -2

1.127 x l0 -2

3.523 x 10 -4

4.464 × 10-4

3.595 x 10 -4

3.977 x 10 -4

6.914 x 10 -4

7.981 × l0 -4

6.083 x 10 -4

8.932 x 10 -4

1.066 x 10 -3

1.400 x 10 -3

2.130 x 10 -3

2.661 x 10 -3.

3.367 x 10 -3

3.698 x 10-3

4.057 x 10-3

4.430 x 10-3

4.459 x 10 -3

4.473 x l0 -3

4.460 x 10 -3

4.957 x 10 -3

5.057 x 10 -3

-4.012 x 10 -4

6.022 × 10-5

6.729 x 10-5

9.249 x 10 -5

1.004 x 10-4

-2.473 x 10-5

4.437 x 10 -4

3.496 x 10 -4

4.590 x 10 -4

2.859 x 10-4

4.638 x 10-4

7.676 x l0 -4

8.693 x l0 -4

7.415 x 10-4

6.430 x

6.110 x 10-3

5.438 x 10-3

4.832 x 10-3

4.287 x 10 -3

4.051 x 10-3

3.964 x l0 -3

3.683 x 10 -3

3.539 x 10 -3

3.335 x 10 -3

3.358 x 10 -3

3.354 x 10 -3

3.426 x 10 -3

3.327 x 10 -3

2.987 x 10 -3

2.763 x 10-3

2.679 x 10-3

2.596 x 10-3

2.436 x 10-3

2.445 x 10 -3

2.753 x 10 -3

2.928 x 10 -3

2.677 x 10 -2

1.682 x 10-2

1.465 x l0 -2

1.052 x 10-2

8.638 x 10-3

8.839 x 10-3

1.010 x 10 -2

8.494 x 10 -3

6.859 x 10 -3

6.338 x 10 -3

6.033 x l0 -3

5.439 x 10-3

4.798 x 10-3

4.266 x 10-3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

x/L
0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

y/L

0.5667

0.5667 2.599

0.5667 2.511

0.5667 2.414

O.5667 2.485

0.5667 2.541

0.5667 2.750

0.5667 2.892

O.5667 3.199

0.5667 3.428

0.5667 3.745

0.5667 3.865

0.5667 3.946

0.5667 3.899

0.5667 3.838

0.5667 3.473 x

0.5667 3.096 ×

0.6000 4.999 ×

0.6000 4.107 ×

0.6000 4.085 x

0.6000 3.599 ×

0.6000 3.491 x

0.6000 3.007 x

0.6000 3.694 x

0.6000 3.647 x

0.6000 3.129 x

0.6000 3.027 x

0.6000 2.916 x

0.6000 2.921 x

0.6000 2.677 x

0.6000 2.574 x

0.6000 2.512 x

0.6000 2.506 x

0.6000 2.405 x

0.6000 2.367 x

0.6000 2.325 x

" p/p_V 2-

2.615 x 10 -2

x 10 -2

x 10 -2

x l0 -2

× l0 -2

x 10-2

× 10-2

x 10-2

× 10 -2

× 10 -2

x 10 -2

× 10 -2

x 10 -2

× 10 -2

× 10 -2

10-2

l0 -2

l0 -2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10 -2

10 -2

10-2

10 -2

10 -2

10-2

l0 -2

"rzx/P_V_

1.053 x 10 -2

1.000 x 10 -2

9.443 × 10 -3

8.798 x 10 -3

8.262 x 10 -3

7.625 x 10 -3

7.426 x 10-3

6.656 x 10-3

6.033 x 10 -3

5.856 x 10-3

5.490 x 10 -3

5.471 x 10 -3

5.153 x 10 -3

5.732 x 10 -3

6.803 x 10 -3

8.183 x 10 -3

1.022 x 10 -2

5.638 x 10 -2

4.243 x 10 -2

3.189 x 10 -2

2.528 x 10 -2

2.112 x 10-2

2.150 x 10 -2

2.449 × 10-2

2.168 x 10-2

1.717 x 10-2

1.574 x 10-2

1.464 x 10-2

1.383 x 10 -2

1.190 x 10 -2

1.115 x 10 -2

1.019 x 10 -2

9.893 x 10 -3

9.189 x 10 -3

8.790 x 10 -3

8.121 x 10 -3

k_
8.850 x 10-"

7.093 x 10-4

9.169 x 10-4

9.335 x 10-4

1.262 x 10-3

1.316 x 10-3

1.764 x 10 -3

2.270 x 10 -3

2.975 x 10 -3

3.747 x 10 -3

4.236 x 10 -3

4.412 x 10 -3

4.248 x 10-3

4.762 x 10-3

4.867 x 10-3

4.858 x 10-3

4.509 x 10-3

2.608 × 10-4

-2.106 x 10-8

1.016 x 10-4

2.833 x 10-4

3.463 x 10-4

2.514 × 10 -4

4.426 x I0 -4

6.755 x 10 -4

8.129 x 10 -4

6.924 x 10 -4

1.037 x 10 -3

1.021 × 10 -3

1.066 × 10 -3

9.693 x 10 -4

8.881 x 1()-4

9.885 x 10-4

9.963 x 10-4

1.056 × 10-3

1.116 × 10-3

4"/p vL

3.843 x 10 -3

3.686 × 10 -3

3.308 × 10-3

3.397 × 10-3

3.249 x 10-3

3.325 x 10-3

3.227 x 10-3

3.278 x 10-3

3.293 x 10-3

3.278 x 10-3

3.027 x 10-3

2.792 x 10-3

2.796 x 10-3

2.910 x 10-3

2.872 × 10 -3

2.832 x 10-3

2.436 x 10 -2

1.765 x 10 -2

1.293 × 10 -2

1.025 x 10-2

8.564 x 10-3

8.569 x 10 -3

1.015 x 10-2

8.678 x 10-3

6.687 x 10-3

6.144 x 10-3

5.776 x 10-3

5.391 x 10 -3

4.483 x 10 -3

4.187 × 10 -3

3.964 x 10 -3

3.860 x 10 -3

3.549 x 10 -3

3.357 × 10 -3

3.159 x 10 -3
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Table A.3: Surface variables on upper plate, coarse grid (con-
tinued).

x/i
0.6333

0.6667

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

0.0000

0.0333

O.0667

0.1000

0.1333

0.1667

0.2000

0.2333

0.2667

0.3000

0.3333

0.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.6667

0.7000

0.7333

O.7667

y/L

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6000

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

0.6333

p/pooV 2

2.405 x 10 -2

2.515 × 10 -2

2.613 × 10 -2

2.875 x 10-2

3.093 × 10-2

3.277 x 10-2

3.498 x 10 -2

3.587 x lO -2

3.668 x 10 -2

3.480 x lO-2

3.176 × 10-2

2.947 x t0 -2

5.390 x lO-2

4.228 x 10 -2

4.015 x lO -2

3.564 x lO-2

3.421 x lO-2

2.982 × 10-2

3.495 x 10-2

3.302 x 10 -2

2.944 x 10 -2

2.790 x 10 -2

2.761 × 10-2

2.685 x 10-2

2.527 x lO-2

2.466 × lO-2

2.391 x 10 -2

2.383 × 10 -2

2.245 x 10-2

2.255 x 10-2

2.212 x 10-2

2.251 x 10-2

2.328 x 10 -2

2.443 x 10 -2

2.601 x lO -2

2.778 x lO -2

Tzx/PooV2_

7.628 x 10 -3

7.344 × 10 -3

6.517 x 10-3

6.225 × 10-3

5.728 × 10-3

5.518 x lO-3

5.513 × lO -3

5.748 × 10 -3

6.111 x 10 -3

6.561 x 10 -3

7.654 × 10-3

9.304 x 10-3

6.134 × lO -2

4.177 x lO -2

3.123 x lO -2

2.480 x 10 -2

2.104 x 10-2

2.137 x 10-2

2.396 x 10-2

1.991 × 10 -2

1.706 x 10 -2

1.502 x lO -2

1.415 × lO -2

1.273 × 10-2

1.149 x 10-2

1.080 x 10 -2

1.011 x 10 -2

9.742 × 10 -3

8.863 x 10 -3

8.668 x 10-3

8.243 × lO-3

7.694 x 10-3

7.333 × lO -3

7.066 x 10 -3

6.602 x 10 -3

6.001 x 10 -3

Tzy / Poo V _.
1.291 × 10-_

1.556 × 10 -3

1.874 X 10-3

2.497 x 10 -3

3.289 x 10 -3

3.645 X 10 -3

4.247 X 10 -3

4.650 X 10-3

4.760 X 10-3

4.535 X 10 -3

4.221 X 10 -3

4.008 X 10 -3

--4.488 X 10 -4

6.436 X 10 -5

1.156 X 10 -4

2.293 X 10-5

2.886 X 10 -4

5.920 X l0 -4

1.348 X 10 -3

1.388 X 10 -3

1.230 X 10 -3

1.731 X 10 -3

1.395 x 10-3

1.424 x 10 -3

1.249 x 10 -3

1.008 X 10 -3

1.241 x 10 -3

1.157 × 10-3

8.734 X 10-4

1.190 x 10-3

9.083 × 10 -4

1.176 x 10 -3

1.351 x 10 -3

1.684 X 10-3

1.896 × 10-3

2.445 × 10-3

_l"/pccV 3

3.123 × 10 -3

3.154 × 10 -3

3.004 × 10 -3

3.110 × 10-3

3.060 × 10 -3

3.121 x 10-3

3.138 × 10 -3

3.020 x 10 -3

2.967 × 10 -3

2.882 × 10 -3

2.657 × 10 -3

2.687' x 10 -3

2.658 x 10 -2

1.724 x 10-2

1.266 x lO -2

1.003 x 10 -2

8.525 × 10 -3

8.501 x 10 -3

9.794 x 10-3

7.988 × 10-3

6.476 × 10-3

5.921 × 10-3

5.454 × 10 -3

5.018 x 10 -3

4.369 × 10 -3

4.210 x 10-3

3.972 × 10-3

3.728 x 10-3

3.470 x 10 -3

3.346 x 10 -3

3.136 x 10-3

3.156 × 10-3

3.124 × 10-3

3.024 × 10-3

3.076 x 10 -3

3.031 × 10 -3
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TableA.3:Surfacevariablesonupperplate,coarsegrid (con-
tinued).

0.6333 2.967x 10-2
3.151x 10-20.8333 0.6333

0.8667 0.6333
0.9000 0.6333
0.9333 0.6333

0.9667 0.6333

1.0000 0.6333

0.0000 0.6667

0.0333 0.6667

0.0667 0.6667

0.1000 0.6667

0.1333 10.6667

0.1667 0.6667
I

0.2000 10.6667
I

0.2333 0.6667
0.2667 10.6667

0.3000 0.6667

0.3333 '0.6667
I

0.3667 I 0.6667

0.4000 10.6667

0.4333 0.6667

0.4667 0.6667

0.5000 0.6667

0.5333 0.6667

0.5667 0.6667

0.6000 [0.6667

0.6333 [0.6667

0.6667 0.6667

0 7000 0.6667

0.7333 0.6667

0.7667 0.6667

0.8000 0.66671

0.8333 0.6667

0:8667 0.6667

0.9000 0.6667

0.93330.6667

3.262 x 10-2

3.320 x 10 -2

3.285 x 10 -2

3.008 x 10 -2

2.680 x 10 -2

4.855 x 10 -2

3.625 x 10 -2

4.023 x 10 -2

3.421 x 10 -2

2.971 × 10 -2

2.808 x 10 -2

3.034 x 10 -2

2.965 x 10 -2

2.638 x 10 -2

2.503 x 10 -2

2.494 x 10 -2

2.457 x 10 -2

2.388 x 10 -2

2.297 x lO-2

2.300 x 10 -2

2.204 × 10-2

2.205 x 10-2

2.169 x 10-2

2.132 × 10 -2

2.120 x 10 -2

2.186 x 10 -2

2.268 x 10 -2

2.375 x 10 -2

2.506 x 10 -2

2.697 x lO -2

2.837 x lO -2

2.959 x 10 -2

3.024 x 10-2

3.002 x lO-2

282 × 10 -3

]60 × 10 -3

_00 x 10 -3

)94 x 10 -3

7.322 x 10 -3

8.5,78 x 10 -3

_42 x 10 -2

)82 x lO -2

i19 × 10 -2

i70 × 10 -2

)81 x 10 -2

555 × 10 -2

.)42 × 10 -2

}07 x 10 -2

1.621 × 10 -2

[34 × 10 -2

1.393 x 10-2

!95 x 10-2

!04 x 10-2

)95 x lO-2

1.017 × lO-2

'92 × 10 -3

i41 × lO -3

[35 × 10 -3

'91 x 10 -3

.02 x 10 -3

170 × 10 -3

;38 × 10 -3

7.300 × 10 -3

L75 x 10 -3

;57 x 10 -3

6 134 × 10 -3

6 21 × 10-3

151 x 10-3

6 129 x 10-3

Tzy / Pc_V 2

2.959 × 10-3

3.532 X 10 -3

3.730 x 10 -3

3.970 x 10-3

4.344 x 10 -3

3.864 x 10 -3

3.804 x 10 -3

--1.788 x 10 -4

1.109 × 10 -4

7.487 X 10 -4

1.002 × 10 -3

1.489 × 10 -3

1.451 X 10 -3

1.829 X 10 -3

2.046 x 10 -3

1.769 x 10 -3

1.657 X 10 -3

1.569 x 10 -3

1.640 X 10 -3

1.447 X 10 -3

1.253 x 10 -3

1.187 x 10 -3

1.186 X 10-3

9.681 x 10 -4

8.073 X 10 -4

9.784 x 10 -4

9.349 x 10 -4

1.188 x 10 -3

1.425 × 10 -3

1.717 × 10 -3

2.090 X 10 -3

2.531 x 10 -3

2.863 x 10 -3

3.139 x 10 -3

3.553 x 10 -3

3.651 X 10 -3

2.967 x 10 -3

3.020 x 10 -3

2.854 x 10 -3

2.936 x 10 -3

2.801 x 10 -3

2.612 x 10 -3

2.563 × 10 -3

2.387 x 10 -2

1.645 x 10 -2

1.451 x 10 -2

1.032 x 10 -2

8.216 x 10 -3

9.038 x 10-3

8.964 × 10-3

7.429 x 10-3

6.248 x 10-3

5.662 x 10-3

5.475 x 10-3

5.085 x 10-3

4.706 x 10-3

4.290 x 10 -3

3.968 x 10 -3

3.882 x 10-3

3.717 x 10 -3

3.652 x 10 -3

3.427 x 10 -3

3.176 x 10 -3

3.256 x 10 -3

3.213 x 10 -3

3.196 x 10 -3

3.006 x 10-3

3.124 x 10-3

3.125 x 10-3

2.961 x 10-3

2.933 x 10-3

2.724 x 10-3
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TableA.3: Surfacevariablesonupperplate,coarsegrid (con-
tinued).

x/L
0.9667

1.0000

0.0000

0.0333

0.0667

0.1000

0.1333

0.1667

0.2000

O.2333

0.2667

O.30OO

0.3333

O.3667

0.4000

0.4333

0.4667

0.5000

0.5333

0.5667

0.6000

0.6333

0.66671

0.7000

0.7333

0.7667

0.8000

0.8333

0.8667

0.9000

0.9333

0.9667

1.0000

I y/L

0.6667

0.6667

0.7000

0.7000

0.7000

0.7000

0.7000

0.7O0O

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

O.700O

0.70001

0.7000

0.7000
0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

0.7000

p/pocV 2

2.805 × 10 -2

2:525 x 10 -2

5.912 x 10 -2

2.897 x 10-2

3.056 x 10-2

2.818 x 10-2

2.524 x 10-2

2.540 x 10 -2

2.475 x 10-2

2.526 x 10 -2

2.396 x 10 -2

2,265 x 10 -2

2.302 x 10 -2

2.267 x 10 -2

2.218 x 10 -2

2.193 x 10 -2

2.112 x 10 -2

2.085 x l0 -2

2.041 × l0 -2

2.056 x 10-2

1.976 x 10 -2

1.972 x 10 -2

2.019 x 10 -2

2.062 x 10 -2

2.183 x 10 -2

2.252 x 10-2

2.390 x 10 -2

2.656 x 10-2

2.741 x 10-2

2.827 x 10-2

2.809 x l0 -2

2.721 x l0 -2

2.476 x 10 -2

%x/ Pcc V "2

7243
8.504 x 10-3

6.385 × 10-2

3.546 x 10-2

3.248 × 10-2

2.645 × 10 -2

2.255 x 10 -2

2.249 × l0 -2

2.120 x 10 -2

2.038 × 10 -2

1.826 x 10 -2

1.627 × 10-2

1.615 x 10-2

1.517 x 10-2

1.411 x 10-2

1.385 x 10-2

1.294 × 10-2

1.233 x l0 -2

1.173 × 10 -2

1.145 x 10 -2

1.056 x 10 -2

1.035 x 10 -2

1.022 x 10-2

1.001 x 10-2

9.908 x 10-3

9.324 x 10-3

9.169 x 10-3

8.990 x 10-3

9.009 x 10 -3

8.533 x 10 -3

8.535 × 10 -3

8.755 x l0 -3

9.945 x l0 -3

3.356 × 10-'j

3.203 × 10 -3

3.488 x 10 -3

2.111 × 10 -3

2.954 × 10 -3

2.901 x 10 -3

2.101 x 10 -3

2.330 × 10 -3

3.023 × 10 -3

2.456 × 10-3

2.308 x 10 -3

1.579 x 10-3

2.009 × 10-3

1.644 × 10-3

1.370 × 10-3

1.390 × 10-3

1.352 × 10-3

1.079 × 10 -3

1.100 x 10 -3

9.429 × 10 -4

1.156× 10-3

1.091x lO-3

1.255× 10-3

1.051x 10-3

1.578× 10-3

1.651× 10-3

1.929x lO-3

2.720x lO-3

3.046x 10-3

3.143x lO-3

3.317× 10-3

2.898x 10-3

2.305x 10-3

Cl"/Poo v3

2.589 x 10 -3

2.831 x 10 -2

1,457 × 10 -2

1.330 x 10 -2

1.053 x 10 -2

8.913 x 10-3

9.045 x 10 -3

8.334 x 10 -3

8.116 x 10 -3

7.279 x 10 -3

6.354 x 10 -3

6.353 x 10-3

5.950 x 10-3

5.609 x 10-3

5.383 x 10-3

5.186 x 10-3

4.856 x 10-3

4.567 × 10 -3

4.469 x 10 -3

4.189 × 10 -3

3.980 x 10 -3

4.088 x 10 -3

3.987 x 10 -3

4.183 x 10-3

3.956 x 10-3

3.997 x 10-3

3.883 x 10 -3

4.008 x 10 -3

3.817 x 10-3

3.721 x 10-3

3.475 × 10-3

3.231 x 10-3
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345

For the final data.set, the surface properties of the fine grid region near the jet

interaction are tabulated and presented in Table A.4. Labeled in Figure A.2 is the re-

gion of the fine grid, which bounds the area 0.4667 < x/L < 1.0 and 0 < y/L < 0.2667.

Cell spacing in this region is 0.001 m and provides a 80 x 40 grid with 1 × 10-6m 2 cell

resolution.

X/L
0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

O.520O

0.5267[

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267'

Table A.4: Surface

y/L p/pooV_
-0.00[36--31466 × iO -2

0.0000 3.491 x 10--2

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

3.880x 10-2

3.909x 10-2

4.363x 10-2

4.394x 10-2

4.915x 10-2

4.953x lO-2

5.620x 10-2

5.655x 10-2

6.282x 10-2

6.309x lO-2

6.800x 10-2

6.824x 10-2

7.302x 10-2

7.324× 10-2

7.760x 10-2

7.779x 10-2

8.179x 10-2

8.193x 10-2

8.452× 10-2

8.462x I0-2

8.594x I0-2

8.616× lO-2

8.754× 10-2

variables on upper plate, fine grid.

rzx/PooV2_

9.767x 10-3

9.679x 10-3

8.347x 10-3

8.189x 10-3

5.602x 10-3

5.473× 10-3

3.449x 10-3

3.360x 10-3

1.930x 10-3

1.865x 10-3

7.414x 10-4

6.810x 10-4

-4.760 x 10-4

-5.306 x 10-4

-1.588 x 10-3

-1.620 × 10-3

-2.094 × 10-3

-2.118 x lO-3

-2.669 x 10-3

-2.685 x 10-3

-2.870 x 10-3

-2.906 x lO-3

-3.768 x 10-3

-3.906 × 10-3

-4.816 x lO-3

Tzy / Po0 V2

-1.098 × 10 -4

-9.934 x 10 -5

6.050 x 10-5

5.454 x 10-5

-6.896 x 10 -5

-7.175 x 10 -5

-1.144 x 10 -4

-1.084 x 10 -4

1.534 x 10-5

1.751 x 10-5

1.699 × I0 -5

2.348 x 10-5

1.720 x 10-4

1.740 x 10-4

1.585 x 10-4

1.626 x 10-4

3.021 x 10 -4

3.038 x 10 -4

2.663 x 10 -4

2.651 x 10 -4

2.442 × 10 -4

2.476 × 10 -4

3.339 x 10 -4

3.251 × 10 -4

2.317 x 10 -4

4.513- x]0-

4.518 × 10 -3

4.596 × 10 -3

4.568 × 10 -3

4.063 × 10 -3

4.055 × 10 -3

3.980 x 10 -3

3.984 × 10 -3

4.070 x 10 -3

4.058 x 10-3

3.738 x 10 -3

3.718 x 10 -3

3.318 × 10 -3

3.306 x 10-3

3.132 × 10-3

3.120 x 10 -3

2.826 x 10 -3

2.813 x 10 -3

2.542 x 10 -3

2.535 x 10 -3

2.454 × 10 -3

2.457 x 10 -3

2.578 x t0 -3

2.618 × 10 -3

2.889 x 10 -3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
timmd).

./L
0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0,8133

0.8200

O.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

y/L

0.0000

0,0000 8:975

0.0000 9.185

0.0000 9.403

0,0000 9.538

0.0000 1.007

0,0000 1.110

0,0000 1.229

0.0000 1.355

0.0000 1.502

0.0000 1.638

0.0000 1.748

0.0000 1.822

0.0000 1.786

0.0000 1.722

0.0000 1.603

0.0000 1.467

0.0000 1.249

0.0000 1.165

0.0000 1.080

0.0000 1.036

0.0000 1.002

0.0000 9.689

0.0000 9.016

0.0000 7.596

0.0000 5.391

0.0000 2.290

0,0000 5,467

0.0000 2.869

0.0000 3.879

0.0000 3.995

0.0000 3.074

0.0000 3.088

0.0000 1.738

0.0000 6,464

0.0000 1.226

p/p_V_
8.904 x 10-2-

x 10-2

x 10-2

x 10-2

× 10-2

x l0 -1

x l0 -1

× 10 -I

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10-1

x 10 -1

x 10-1

x 10 -1

x 10 -1

x 10 -1

x 10 -2

x l0 -2

x 10 -2

x 10 -2

x 10-2

x 10 -3

x 10-3

x 10-3

x 10-3

x 10-3

x 10 -3

x 10 -3

x 10 -4

x 10 -3

Tzx / poo V _

-6.240 × 10 -3

-6.918 × 10 -3

-8.715 × 10 -3

-1.012 x 10 -2

-1.089 x 10 -2

-1.323 x l0 -2

-1.560 x 10-2

-1.700 × 10-2

-1.682 x 10 -2

-1.529 x 10 -2

-1.220 × 10 -2

-7.523 x 10 -3

4.269 × 10 -4

7.606 × l0 -3

1.219 x 10 -2

1.631 × 10 -2

1.860 × 10 -2

1.766 × 10-2

1.609 × 10 -2

1.400 × 10 -2

1.212 x l0 -2

1.032 × 10 -2

1.008 x 10 -2

1.012 x 10 -2

1.108 x 10-2

7.346 × 10 -3

4.302 × 10-3

8.023 × 10-4

-1.789 x 10-3

-1.597 x 10 -3

3.824 × 10 -4

1.720 x 10 -3

1.534 × 10 -3

1.481 x l0 -3

3.366 x 10 -4

5.255 × l0 -4

Tzy/PooV 2

3.236 x 10 -4

3.525 × 10-4

5.397 × 10-4

3.291 × 10-4

2.508 × 10-4

5.044 × 10-4

4.939 × 10-4

7.660 × 10-4

8.608 × 10-4

8.011 × 10 -4

3.948 x 10 -4

-1.684 × 10 -4

-2.309 x 10 -4

-7.503 × 10 -5

-2.269 × 10 -4

-2.994 x 10 -4

-4.405 x 10-4

-1.515 × 10-4

3.619 × 10-5

1.219 × 10-4

1.368 × 10 -4

-1.102 × 10-5

-5.535 x 10 -4

1.107 x 10 -4

5.492 × 10 -4

1.954 × 10-4

1.012 × 10-4

1.138 × 10-4

4.576 x 10-4

8.303 × 10 -4

1.029 × 10 -3

6.523 × 10 -4

2.473 x 10-4

1.673 x 10-4

6.542 x 10-6

-1.370 x 10 -5

!
3.340 × 10 -3-1

3.555 × 10-3

4.128 × 10-3

4.473 × 10-3

4.686 x 10-3

5.558 × 10-3

6.756 x 10-3

7.684 x 10 -3

8.656 x 10-3

9.518 x 10-3

1.051 × 10 -2

1.108 × 10 -2

1.096 x 10 -2

1.026 x 10 -2

9.375 × 10 -3

7.915 x 10 -3

6.746 x 10-3

4.811 x 10-3

4.015 x 10-3

3.358 x 10-3

2.998 x 10-3

2.475 x 10-3

1.941 x 10 -3

1.875 x 10 -3

6.767 x 10 -4

3.283 x 10-4

-1.741 × 10 -4

-1.166 x 10 -4

-3.748 x 10 -4

-3.626 x 10 -4

-3.428 × 10 -4

-2.818 × 10 -4

-3.012 x 10-4

-4.170 × 10 -5

-6.723 x 10 -6

-1.147 x 10 -5
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x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0000

0.0000

0.0000

0.0000

O.O000i

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

P / PooV 2_a3_
1o-

2.123 × 10-3

2.849 x 10-3

3.317 x 10-3

4.312 × 10-3

4.653 x 10-3

5.476 x 10-3

5.433 x 10-3

5.996 x 10-3

6.371 x 10-3

6.680 x 10-3

6.503 x 10-3

7.I34 × 10-3

7.189 x 10 -3

7.395 x 10 -3

7.360 × 10 -3

7.214 x 10-3

7.146 x 10-3

7.552 x 10 -3

7.841 x 10 -3

3.472 x 10-2

3.534 x 10 -2

3.870 x 10 -2

3.955 x 10 -2

4.349 x 10 -2

4.445 x 10 -2

4.904 × 10 -2

5.022 x 10 -2

5.595 x 10 -2

5.716 x 10 -2

6.252 x 10 -2

6.352 x 10 -2

6.778 x 10 -2

6.866 x 10 -2

7.278 x 10 -2

7.360 x 10-2

Tzx/Poo V2

4.269 × 10 -4

3.898 x 10 -4

5.131 × 10 -4

5.480 x 10 -4

7.003 × 10 -4

7.861 x 10 -4

9.108 x 10 -4

1.060 x 10 -3

1.080 × 10 -3

1.033 x 10 -3

9.199 x 10 -4

1.122 x 10 -3

1.168 × 10 -3

1.312 x 10 -3

1.467 x 10 -3

1.461 x 10 -3

1.331 x 10 -3

1.560 x 10 -3

1.739 x 10 -3

9.758 x 10 -3

9.531 x 10 -3

8.329 x 10 -3

7.909 × 10 -3

5.719 x 10 -3

5.294 x 10 -3

3.553 x 10 -3

3.239 x 10 -3

2.001 x 10 -3

1.766 × 10 -3

7.815 x 10 -4

5.628 x 10 -4

-4.328 x 10 -4

-6.381 x 10-4

-1.523 × 10-3

-1.655 x 10-3

-2.168 x 10 -5

1.349 x 10 -4

-2.315 × 10 -5

-7.004 x 10 -5

1.672 x 10 -5

-2.097 x 10 -4

-1.290 × 10 -4

-1.358 x 10 -4

6.436 x 10 -5

2.286 × 10 -4

5.005 x 10-5

-1.944 x 10 -4

-2.490 x 10 -4

-1.613 x 10 -4

-2.589 x 10 -4

-2.487 x 10 -4

-1.381 x 10 -4

-2.654 x 10 -5

-2.022 x 10 -5

1.710 x 10-4

-1.056 x l0 -4

-7.910 x l0 -5

3.879 × 10-5

2.828 x 10-5

-6.297 x l0 -5

-6.874 x l0 -5

-9.581 x 10-5

-7.443 x 10-5

1.879 × 10 -5

3.394 x 10 -5

4.373 x 10 -5

7.112 × 10 -5

1.816 x 10 -4

1.966 x 10 -4

1.832 × 10 -4

1.955 × 10 -4

-4.361 x 10 -5

-4.713 x 10 -5

-3.206 x 10 -5

-2.436 x 10 -5

-5.757 x 10 -5

-5.561 x 10 -5

-5.892 x 10 -5

-4.661 x 10 -5

-6.285 x 10 -6

-1.246 x 10 -5

1.788 x 10 -5

2.555 x 10 -6

2.040 x 10 -6

-1.141 x 10 -5

-1.194 x 10 -5

1.514 x 10 -5

4.956 x 10 -5

6.632 x 10 -5

4.837 x 10 -5

1.763 x 10 -5

4.527 x 10 -3

4.535 x 10 -3

4.569 x 10 -3

4.509 × 10 -3

4.102 x 10 -3

4.060 x 10 -3

3.994 x 10 -3

3.999 x 10 -3

4.051 x 10 -3

4.020 x 10 -3

3.746 x 10-3

3.676 x 10 -3

3.341 x 10 -3

3.289 x 10 -3

3.131 × 10 -3

3.088 x 10 -3



x/L
0.5733

0.5800!

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.66OO

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.72O0

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

O.8OO0

0.8067
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.OO67

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

0.0067

2 i
P / Pcc V_

7.732 × 10 -2

7.805 x 10 -2

8.143 × 10-2

8.206 x 10-2

8.436 x 10-2

8.462 × l0 -2

8.573 x l0 -2

8.639 x 10-2

8.759 × 10 -2

8.874 x 10-2

8.911 x 10-2

9.172 x 10 -2

9.224 x 10 -2

9.714 x 10 -2

1.045 x l0 -1

1.138 x 10-1

1.203 x l0 -1

1.309 x 10-1

1.506 x 10-1

1.648 x 10 -1

1.755 x 10 -1

1.821 x 10 -1

1.813 x 10 -1

1.747 x 10 -1

1.584 x 10 -1

1.427 x l0 -1

1.301 x l0 -1

1.160 x l0 -1

1.086 x l0 -1

1.045 x 10-1

9.962 x 10-2

9.685 x 10-2

9.181 x 10-2

7.825 x 10-2

5.407 x 10-2

2.561 x 10-2

%x/p_V_

-2.072 × 10 -3

-2.162 × 10-3

-2.623 × 10-3

-2.705 x 10-3

-2.967 × 10-3

-3.195 x 10-3

-3.690 × 10 -3

-4.083 × 10 -3

-4.892 × 10 -3

-5.919 × 10 -3

-6.297 × 10 -3

-8.837 x 10 -3

-9.202 × 10 -3

-1.161 × 10-2

-1.416 × 10-2

-1.574 × 10-2

-1.642 × l0 -2

-1.684 x 10-2

-1.549 x 10-2

-1.236 × 10-2

-8.013 × 10-3

-1.746 x 10 -3

5.330 x 10-3

1.100 x l0 -2

1.624 x 10 -2

1.853 x 10 -2

1.825 × l0 -2

1.684 x l0 -2

1.460 x 10 -2

1.234 × 10 -2

1.026 × 10 -2

1.004 x 10 -2

9.666 x 10 -3

9.624 x 10 -3

7.030 × 10 -3

4.663 x 10-3

Tzy/Pcx)V 2

3.012 × 10 -4

3.152 x 10 -4

2.891 × 10 -4

2.854 x 10 -4

2.974 × 10 -4

3.735 × 10 -4

3.638 × 10 -4

4.236 x 10 -4

3.101 x 10-4

4.759 x 10-4

5.059 × 10-4

4.864 × 10-4

4.518 × 10 -4

5.186 x 10 -4

8.608 x 10 -4

9.250 × 10 -4

9.944 × 10 -4

1.177 x 10 -3

1.075 x 10 -3

5.054 x 10 -4

4.685 × 10 -4

3.694 x 10 -4

4.372 x 10 -4

3.387 x 10-4

5.580 × 10 -5

-2.651 x 10 -4

-4.873 × 10 -4

-5.949 x 10 -4

1.724 x 10-5

-1.682 x 10 -4

-1.718 x 10 -4

6.584 x 10-4

1.539 × 10-3

6.837 x 10 -5

-2.084 x l0 -4

5.341 x 10 -4

q /P_Vc_ _
2.842 x 10 -3

2.794 x 10 -3

2.570 x 10-3

2.540 × 10-3

2.472 x 10-3

2.481 x 10-3

2.575 x 10-3

2.681 x 10 -3

2.915 x 10-3

3.228 × 10 -3

3.348 × 10 -3

4.104 x 10 -3

4.205 × l0 -3

4.969 x l0 -3

5.972 × l0 -3

6.888 x 10-3

7.450 x l0 -3

8.310 x 10-3

9.615 x 10-3

1.062 x 10-2

1.123 x 10-2

1.106 x 10 -2

1.050 x 10 -2

9.595 x 10 -3

7.742 x 10 -3

6.368 x 10 -3

5.349 x 10 -3

4.208 x 10 -3

3.553 x 10 -3

2.764 x l0 -3

2.363 x l0 -3

1.948 x 10 -3

1.628 x 10 -3

9.152 × 10 -4

3.006 x 10 -4

1.820 x 10 -5
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Table A.4: Surfacevariablesonupperplate,finegrid (con-
tinued).

:/L y/L

3133 0.006?

3200 0.0067

3267 0.0067

3333 0.0067

34OO O.OO67

_467 0.0067

_533 0.0067

_600 0.0067

_667 0.0067

_733 0.0067

_800 0.0067

3867 0.0067

3933 0.0067

)000 0.0067

)067 0.0067

)133 0.0067

)200 0.0067

)267 0.0067

)333 0.0067

)400 0.0067

)467 O.O067

)533 0.0067

)600 0.0067

)667 0.0067

)733 0.0067

)800 0.0067

)867 0.0067

)933 0.0067

)000 0.0067

i667 0.0133

i733 0.0133

t800 0.0133

i867 0.0133

i933 0.0133

i000 0.0133

_067 0.0133

p/pccV 2

6.115 x 10 -3

4.'481 x 10 -3

3.917 x 10 -3

3.942 x 10 -3

4.111 x 10 -3

2.668 x 10 -3

1.525 x 10 -3

9.351 × 10 -4

1.284 x 10 -3

1.509 × 10 -3

2.175 x 10 -3

3.001 x 10 -3

3.399 x 10 -3

4.534 x 10 -3

4.909 x 10 -3

5.446 x 10 -3

5.750 x 10 -3

6.180 x 10 -3

6.573 x 10 -3

6.810 x 10 -3

6.956 x 10 -3

7.237 x 10 -3

7.154 x 10 -3

7.383 × 10 -3

7.388 x 10 -3

7.268 x 10 -3

7.279 × 10 -3

7.326 x 10 -3

7.642 × 10 -3

3.519 x 10 -2

3.619 × 10 -2

3.910 x 10 -2

4.084 x 10 -2

4.385 x 10 -2

4.572 × 10 -2

4.968 x 10 -2

Tzx/p v 
1.259x 10-3

-1.453 x 10-3

-1.139 x 10-3

-1.756 x 10-5

1.742x 10-3

1.815x 10-3

1.169x 10-3

5.413x 10-4

4.197x lO-4

4.658 x 10 -4

4.065 x 10 -4

6.200 x 10 -4

5.674 x 10 -4

6.995 x 10 -4

7.298 × 10 -4

8.747 x 10 -4

9.385 x 10 -4

9.579 x 10 -4

1.123 x 10 -3

1.099 x 10 -3

1.121 x 10-3

1.200 x 10-3

1.204 x 10 -3

1.273 × 10 -3

1.498 x 10 -3

1.380 x 10 -3

1.379 x l0 -3

1.397 x 10 -3

1.497 x 10 -3

91643 x 10 -3

9.264 x 10-3

7.987 x 10-3

7.197 x 10-3

5.608 × 10-3

4.654 x 10-3

3.500 x 10-3

_-zy/pccV2_

1.760 × 10 -5

8.627 × 10 -4

8.835 x 10 -4

2.119 × 10 -3

1.270 x 10 -3

7.365 x 10 -4

3.643 x 10 -4

2.924 x 10 -4

1.753 x 10 -5

-1.695 × 10 -4

-2.090 x 10 -4

-1.568 × 10 -4

-3.278 x 10 -4

-2.275 x 10 -4

-2.237 x 10 -4

-4.094 x 10 -4

-2.747 x 10 -4

-3.089 x 10 -4

-1.990 x 10 -4

-2.337 x 10 -4

-1.658 x 10 -4

-3.624 x 10 -4

-2.823 × 10 -4

-3.148 x 10 -4

-3.262 x 10 -4

-2.220 x 10 -4

-1.997 x 10 -4

-1.897 x 10 -4

-1.521 x 10 -4

-3.075 x 10 -5

2.986 x 10 -5

-3.298 x 10 -5

-7.383 × 10 -5

-7.685 x 10-5

-8.408 x 10-5

2.163 × l0 -5 i

_l" /pooV_

-4.956 x 10 -5

-3.387 x 10 -4

-3.030 x 10 -4

-3.730 x 10 -4

-3.746 × 10 -4

-2.240 x 10 -4

-1.262 x 10 -4

-7.311 x 10 -5

-5.613 x 10 -5

-5.244 x 10 -5

-4.572 x 10 -5

-4.572 x 10 -5

-7.735 × 10 -5

-7.046 × 10 -5

-5.766 x 10 -5

-3.976 × 10 -5

-3.435 x 10 -5

-1.471 x 10 -5

-1.441 x 10 -5

-3.625 x 10 -6

-1.152 x 10 -5

-8.374 x 10 -6

1.271 x 10 -5

-1.256 x 10 -6

1.678 x 10 -5

5.050x 10-5

5.293x 10-5

5.011x 10-5

2.119x 10-5

4.622x lO-3

4.648 x 10-3

4.484 x 10-3

4.381 x lO-3

4.136 x 10-3

4.001 x 10-3

4.039 x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

x/L
0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

y/L

0.0133

0.0133 5._55

0.0133 5.929

0.0133 6.274

0.0133 6.494

0.0133 6.789

0.0133 6.981

0.0133 7.277

0.0133 7.502

0.0133 7.637

0.0133 7.918

0.0133 7.961

0.0133 8.222

0.0133 8.387

0.0133 8.460

0.0133 8.585

0.0133 8.635

0.0133 8.756

0.0133 8.846

0.0133 8.929

0.0133 9.007

0.0133 9.349

0.0133 9.770

0.0133 1.015

0.0133 1.090

0.0133 1.191

0.0133 1.326

0.0133 1.465

0.0133 1.603

0.0133 1.727

0.0133 1.818

0.0133 1.809

0.0133 1.731

0.0133 1.603

0.0133 1.460

0.0133 1.288

p/pooVl
5.216 x 10-2

x 10-2

× 10-2

× 10-2

x 10 -2

x 10 -2

× 10 -2

× 10 -2

× 10 -2

× 10-2

× 10-2

× 10-2

× 10-2

× 10-2

× 10-2

× 10 -2

x 10 -2

× 10 -2

x 10 -2

× 10 -2

x 10-2

x 10-2

x 10-2

x I0 -1

× 10-1

× 10-1

x 10 -1

x 10 -1

x 10-1

x 10-1

× 10-1

x 10-1

x 10-1

× 10 -I

x 10 -1

x 10 -1

7-zx/PooV_

2.794 x 10-3

1.968 × 10-3

1.449 x 10 -3

6.897 x 10 -4

2.036 x 10 -4

-5.704 × 10 -4

-1.061 x 10 -3

-1.527 x 10 -3

-1.884 x 10 -3

-2.022 x 10-3

-2.341 x 10-3

-2.399 × 10-3

-2.801 x 10 -3

-3.085 × lO-3

-3.207 × 10 -3

-3.806 x 10 -3

-4.046 x 10 -3

-4.842 x 10 -3

-5.668 x lO -3

-6.669 x 10 -3

-7.611 x 10 -3

-9.895 x 10 -3

-1.163 × 10-2

-1.289 x 10-2

-1.481 x 10-2

-1.639 × lO -2

-1.698 x lO -2

-t.618 × lO -2

-1.387 × lO -2

-9.450 × 10 -3

-2.547 × 10 -3

6.076 x 10 -3

1.274 x 10 -2

1.616 × 10 -2

1.820 × lO -2

1.848 x 10 -2

Tzy/PocV'Aeo

7.964 × 10 -5

1.020 × 10 -4

1.186 X 10 -4

2.269 × 10 -4

3.023 × 10 -4

3.379 X 10 -4

3.670 X 10 -4

3,353 × 10-4

3.263 × 10-4

3,580 × 10-4

4.479 X 10-4

4,557 × 10-4

4.623 X 10 -4

4.289 X 10 -4

3.845 × 10 -4

4.758 × 10 -4

4.926 × 10 -4

5.971 X 10 -4

5.595 × 10 -4

6.654 X 10 -4

7.291 X 10-4

9.291 X 10 -4

1.094 X 10 -3

1.234 X 10 -3

1.453 × 10 -3

1.552 X 10 -3

2.019 × 10 -3

1.947 × 10 -3

1.429 X l0 -3

1.306 X 10-3

1.169 × 10-3

7.936 × 10-4

5.280 × 10-4

3.731 × 10 -5

--5.884 X 10 -4

--7.214 × 10 -4

_t" /pooV_

4.060 × 10 -3

4.022 x 10-3

3.988 × 10 -3

3.707 x 10 -3

3.537 x 10 -3

3.327 x 10 -3

3.197 x 10 -3

3.078 x 10 -3

2.980 x 10 -3

2.892 x 10 -3

2.704 x 10 -3

2.680 x 10 -3

2.573 x 10 -3

2.513 x 10 -3

2.480 × 10-3

2.618 × 10 -3

2.672 × 10 -3

2.902 × 10 -3

3.148 × 10 -3

3.460 x 10 -3

3.777 x 10 -3

4.462 x 10 -3

5.006 × 10 -3

5.478 x 10 -3

6.323 x 10-3

7.315 x 10-3

8.501 x 10-3

9.486 x 10 -3

1.043 x 10 -2

1.113 x 10 -2

1.114 x 10 -2

1.038 x 10 -2

9.238 x 10-3

7.920 x 10-3

6.703 × 10-3

5.209 × 10-3
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x/L

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

O.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.920O

O.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

Table A.4: Surface variables on upper plate, fine grid (con-

timxed).

y/L

-0.0133-

0.0133

0.0133

0.0133

0.0133

0.0133

0.01331

0.0133

O.O133!

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

0.0133

P/P°°VL 11_ -o; lO-
1.084 x 10-1

1.039 x 10-1

9.953 x 10-2

9.619 x 10-2

8.996 × 10-2

7.810 x 10-2

5.910 x 10-2

3.224 x 10-2

1.272 x 10-2

5.481 x 10-3

3.804 x 10-3

3.728 x 10-3

3.143 x 10-3

1.718 × 10-3

9.682 x 10-4

1.178 x 10-3

1.603 x 10-3

1.809 × 10-3

2.565 x 10-3

3.624 x 10-3

3.915 x 10-3

4.704 x 10-3

5.2!7 x l0 -3

5.598 x 10-3

6.185 x l0 -3

6.478 x l0 -3

6.757 x l0 -3

7.024 x 10 -3

7.033 x 10 -3

7.282 x l0 -3

7.265 × l0 -3

7.193 x l0 -3

7.379 x 10 -3

7.477 x 10 -3

7.226 × 10-3

L
1.741 x 10-2 -5.135 x 10-4

1.473 x 10 -2

1.292 x 10 -2

1.042 x 10 -2

9.993 x 10 -3

1.044 x 10 -2

9.970 x 10 -3

8.763 x l0 -3

5.561 x 10 -3

2.379 x 10 -3

4.293 x 10-4

-7.367 x 10-4

-1.028 × 10-4

1.014 x 10 -3

8.85I x 10-4

6.078 x 10 -4

5.698 x 10-4

4.915 x 10-4

4.216 x 10-4

5.382 x 10 -4

7.126 x 10 -4

6.402 x 10 -4

7.710 x 10-4

8.214 x 10 -4

1.038 x 10 -3

1.020 x 10 -3

9.189 x 10 -4

1.219 x 10 -3

1.169 x 10 -3

1.189 x l0 -3

1.421 x l0 -3

1.363 x 10 -3

1.330 x 10 -3

1.422 x 10 -3

1.373 x l0 -3

1.409 x l0 -3

-1.607 x 10-4

2.893 x 10-5

7.265 x 10-4

1.078 x 10-3

1.129 x 10 -3

7.017 x 10 -4

-1.361 x 10 -4

2.652 x 10 -4

-7.470 x 10 -5

5.818 x 10 -4

1.384 x 10 -3

2.302 x 10 -3

1.750 × 10 -3

5.992 x 10 -4

2.227 x 10 -4

1.191 x 10 -4

-2.195 × 10 -4

-1.670 x 10 -4

-4.307 x 10 -4

-4.205 x 10 -4

-4.874 x 10 -4

-4.665 x 10 -4

-5.055 x 10 -4

-7.050 x 10 -4

-5.392 x 10 -4

-7.826 x 10 -4

-5.654 x 10 -4

-5.971 x 10 -4

-4.329 x 10 -4

-5.047 x 10 -4

-4.763 x 10 -4

-4.216 × 10 -4

-4.363 × 10 -4

-4.522 × 10 -4

-4.360 × 10 -4

q tP__
4.4_ x 10-

3.382 x 10 -3

2.850 x 10 -3

2.398 × 10-3

1.961 x 10 -3

1.576 × 10 -3

1.009 x 10 -3

4.639 x 10 -4

-7.508 x 10 -5

-1.460 x 10 -4

-9.150 x 10 -5

-2.684 x 10 -4

-3.509 x 10 -4

-2.675 x 10 -4

-9.127 x 10 -5

-3.866 × 10 -5

-3.275 x 10 -5

-3.264 x 10 -5

-3.964 x 10 -5

-4.075 x 10 -5

-4.489 x 10 -5

-5.761 x 10 -5

-5.673 x 10 -5

-6.001 x 10 -5

-4.983 x 10 -5

-4.585 x 10-5

-2.614 x lO-5

-2.505 x 10-5

-1.051 x 10-5

3.185 x 10 -5

3.331 x 10 -5

3.600 x 10 -5

1.695 x 10 -5

1.115 x 10 -6

1.676 x l0 -5

5.099 x 10 -5
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
tinued).

x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.62OO

0.6267

0.6333

0.6400

0.6467

O.6533

0.6600 :

0.6667!

0.6733

0.6800

0.6867

y/L

0.0133

0.0133 C526

0.0200 3.533

0.0200 3.610

0.0200 3.936

0.0200 4.079

0.0200 4.413

0.0200 4.563 x

0.0200 5.001 x

0.0200 5.209 x

0.0200 5.694 x

0.0200 5.930 ×

0.0200 6.302 x

0.0200 6.493 ×

0.0200 6.808 x

0.0200 6.978 x

0.0200 7.284 x

0.0200 7.507 x

0.0200 7.6t2 ×

0.0200 7.930 x

0.0200 7.948 x

0.0200 8.262 x

0.0200 8.283 x

0.0200 8.478 x

0.0200 8.534 x

0.0200 8.645 x

0.0200 8.754 x

0.0200 8.805 x

0.0200 8.887 x

0.0200 9.103 x

0.0200 9.280 x

0.0200 9.523 x

0.0200 1.017 x

0.0200 1.105 x

0.0200 1.204 x

0.0200 1.326 x

P/Poo_
7.392 7 lO-

x 10-3

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

.lO-2
10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10 -2

10-2

10-2

10-2

10-2

10-2

10-2

10-1

10-1

10-1

10-1

rzx/pooV_
1.441 x 10 -3

1.435 x 10-3

9.590 × 10-3

9.311 x 10-3

7.868 × 10-3

7.228 x 10-3

5.474 x 10-3

4.648 x 10 -3

3.402 x 10 -3

2.790 x 10 -3

1.902 x 10 -3

1.455 x 10 -3

6.304 × 10-4

2.115 x 10-4

-6.441 x 10-4

- 1.074 x 10 -3

-1.564 x 10 -3

-1.900 x 10-3

-2.009 x 10 -3

-2.353 x 10 -3

-2.378 x 10 -3

-2.887 x 10 -3

-2.923 x 10 -3

-3.360 x 10 -3

-3.546 x 10 -3

-4.114 x 10 -3

-4.824 x 10 -3

-5.394 x 10 -3

-6.471 x 10 -3

-8.167 x 10 -3

-9.310 x 10 -3

-1.074 × 10 -2

-1.309 x 10 -2

-1.505 x 10 -2

-1.644 x 10 -2

-1.696 x 10 -2

Tzy /Pc_ V'2_

--4.614 X 10 -4

--3.112 X 10 -4

--4.574 X 10 -6

4.046 × 10-5

--3.512 X 10 -5

--7.849 X 10 -5

--7.403 X 10 -5

--9.103 X 10 -5

5.158 x 10 -5

8.612 x 10 -5

1.355 x 10 -4

1.181 x 10 -4

2.702 x 10 -4

3.116 x 10 -4

3.844 × 10-4

3.767 x I0 -4

3.794 x 10-4

3.282 × l0 -4

3.986 × l0 -4

4.656 x 10 -4

4.715 x 10 -4

5.177 x 10 -4

5.157 x 10 -4

6.284 x 10 -4

6.599 x 10 -4

6.426 x 10-4

6.560 x 10-4

7.389 x 10-4

8.460 x 10 -4

1.181 x 10 -3

1.312 x 10 -3

1.688 × l0 -3

2.010 x 10-3

1.951 x 10-3

2.223 x l0 -3

2.565 x 10-3

_l"/p_V_

3.657 x 10 -5

2.195 x 10 -5

4.640 x 10 -3

4.663 x 10 -3

4.476 x 10 -3

4.387 x 10 -3

4.119 x 10 -3

3.989 × 10 -3

4.044 x 10 -3

4.064 x 10 -3

4.025 × 10 -3

4.002 x 10 -3

3.685 × 10 -3

3.537 x 10 -3

3.303 × 10 -3

3.193 x 10 -3

3.066 x 10 -3

2.978 x 10 -3

2.902 × 10 -3

2.694 x 10-3

2.684 × 10 -3

2.562 × 10 -3

2.555 × 10 -3

2.533 x 10 -3

2.557 x 10 -3

2.696 x 10 -3

2.895 × 10 -3

3.053 x 10 -3

3.352 x 10 -3

3.945 x 10 -3

4.302 x 10 -3

4.749 × 10 -3

5.498 x 10 -3

6.480 x 10 -3

7.454 x 10 -3

8.511 x 10 -3



X/L
0.6933

0.7000

0.7067

0.7133

0.72001

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.820O

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0200

0.0200

0.0200

O.O200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.O2OO

0.0200

0.0200

0.0200

0.0200

0.0200

O.02OO

0.0200

0.0200

0.0200

0.0200

O.0200

O.0200

O.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.0200

0.020O

0.0200

0.0200

2 '

P / Pce V__
1.474x 10-

1.626 x 10-1

1.746 x 10-1

1.825 x 10-1

1.824 x 10-1

1.767 x 10 -1

1.629 x 10-1

1.434 x 10-1

1.322 x 10 -1

1.176 x 10 -1

1.086 × 10 -1

1.020 x 10 -1

9.832 x 10 -2

9.553 x 10 -2

8.950 × 10 -2

7.957 × 10 -2

6.454 × 10 -2

4.393 × 10 -2

2.262 x 10-2

9.559 x 10-3

4.014 × 10-3

2.961 x 10-3

2.518 x lO-3

2.198 × lO-3

1.742 × 10-3

1.848 x 10-3

2.518 x 10-3

3.171 × 10-3

3.759 × lO-3

4.558 x lO -3

4.753 × 10 -3

5.401 × 10-3

5.933 × 10 -3

6.183 × 10 -3

6.527 × lO-3

6.681 × 10-3

Tzx/ P_ V'_-

--1.395 X 10-2

--8.703 × 10-3

--2.369 X 10-3

4.141 X 10-3

1.060 X 10 -2

1.607 X 10-2

1.866 X 10 -2

1.878 X 10 -2

1.759 X 10 -2

1.538 X 10 -2

1.325 X 10 -2

1.144 X 10 -2

1.067 X lO -2

1.029 × 10 -2

1.021 × 10 -2

9.214 × lO -3

7.273 × 10 -3

4.107 × 10-3

1.644 × 10-3

3.186 × 10-4

2.399 X 10-4

4.604 X 10-4

7.754 × 10-4

6.454 X 10-4

4.763 X 10-4

7.702 X 10-4

9.173 × lO-4

8.013 × lO-4

9.963 × 10-4

9.374 X 10 -4

9.982 X 10 -4

9.615 × lO -4

1.199 X lO -3

1.256 × lO -3

1.296 X 10 -3

2.673 x 10 -3

2.605 × 10 -3

2.803 × 10 -3

1.991 × 10 -3

1.246 × 10 -3

1.323 × 10-3

2.491 × 10-4

-3.274 × 10 -4

-9.281 × 10 -4

-4.546 x 10 -4

1.688 × 10-4

7.326 x 10-4

6.046 × 10-4

1.040 × 10-3

1.213 × 10-3

8.567 × 10-4

9.219 × 10-4

2.970 × 10-4

-6.197 × 10-6

2.959 × 10-4

1.048 × 10 -3

1.175 × 10 -3

8.757 × 10 -4

5.086 × 10 -4

6.645 × 10 -5

-1.388 × 10 -4

-2.966 × 10 -4

-4.653 × 10 -4

-6.651 x 10 -4

-8.822 × 10 -4

-6.036 x 10 -4

-8.785 × 10 -4

-7.541 × 10 -4

-1.168 x 10 -3

-9.694 × 10-4

-9.996 x 10 -4

q lPc_V_
9.558 × 10 -3

1.057 x 10 -2

1.107 x 10 -2

1.117 x 10 -2

1.064 × 10 -2

9.671 × 10 -3

8.400 × 10 -3

6.678 x 10 -3

5.582 × 10 -3

4.352 × 10 -3

3.578 × 10 -3

2.891 × 10 -3

2.439 × 10 -3

2.121 x 10 -3

1.696 × 10 -3

1.053 x 10 -3

6.270 × 10 -4

1.267 × 10 -4

-8.397 × 10 -5

-1.318 x 10 -4

-1.046 x 10-4

-1.007 × 10-4

-1.236 x 10-4

-8.756 × 10 -5

-5.131 × lO-5

-4.178 x 10-5

-6.238 x 10-5

-5.719 × 10-5

-8.080 × 10-5

-6.556 x 10 -5

-6.234 × 10 -5

-4.653 × 10 -5

-5.779 × 10 -5

-2.252 × 10 -5

-2.866 x 10 -5

-2.755 × lO -5



354

TableA.4: Surfacevariableson upperplate,finegrid (con-
tinued).

x/L

0.9333 0.0200

0.9400;0.0200

0.9467 0.0200

0.9533 0.0200

0.9600 0.0200

0.9667 0.0200

0.9733 0.0200

0.9800 0.0200

0.9867 0.0200

0.9933 0.0200

1.0000 0.0200

0.4667 0.0267

0.4733 0.0267

0.4800 0.0267

0.4867 0.0267

0.4933 0.0267

0.5000 0.0267

0.5067 0.0267

0.5133 0.0267

0.5200 0.0267 ]

0.5267 0.0267

0.5333 0.0267

0.5400 0.0267

0.5467 0.0267

0.5533 0.0267

0.5600 0.0267

0.5667 0.0267

0.5733 0.0267

0.5800 0.0267

0.5867 0.0267

0.5933 0.0267

0.6000 0.0267

0.6067 0.0267

0.6133 0.0267

0.6200 0.0267

0.6267 0.0267

y/L p/pooV 2

7.012 × 10 -3

7.216 × 10 -3

7.173 x 10 -3

7.256 × 10-3

7.278 x 10 -3

7.302 × l0 -3

7.549 x 10 -3

7.490 × I0 -3

7.358 x 10 -3

7.346 × l0 -3

7.501 x 10 -3

3.473 x 10 -2

3.716 x 10 -2

3.842 x 10 -2

4.181 x 10-2

4.336 x 10-2

4.664 x 10-2

4.828 x 10-2

5.319 × l0 -2

5.530 x 10 -2

5.975 x 10-2

6.147 x 10 -2

6.508 x 10-2

6.645 × 10-2

7.010 x 10-2

7.151 x 10-2

7.492 x 10-2

7.645 × 10 -2

7.841 x 10 -2

8.033 × 10 -2

8.160 x 10 -2

8.301 x 10 -2

8.481 x 10-2

8.520 × 10-2

8.656 × 10-2

8.689 × l0 -2

rz x / pooV'_
1.461 x 10 -3-

1.458 x 10-3

1.355 x 10-3

1.566 × 10-3

1.496 x 10 -3

1.504 x 10 -3

1.504 x 10 -3

1.504 x 10 -3

1.508 × 10 -3

1.501 x 10 -3

1.440 x 10 -3

9.728 x 10 -3

8.840 x 10-3

8.327 x 10-3

6.821 x 10-3

6.141 x 10-3

4.499 x 10-3

3.891 x 10-3

2.700 × 10 -3

2.267 x 10 -3

1.374 x 10 -3

1.021 x 10 -3

-6.168 x 10 -6

-4.234 x 10 -4

-1.210 x 10-3

-1.514 × 10-3

-1.878 x 10-3

-2.040 x 10 -3

-2.264 x 10 -3

-2.500 x I0 -3

-2.722 x 10 -3

-2.997 x 10 -3

-3.377 x 10-3

-3.476 x 10-3

-4.142 x 10-3

-4.435 x lO-3

-9.311 × 10-_

-8.513 × 10 -4

-7.212 x 10-4

-7.567 x 10 -4

-7.346 x 10 -4

-7.J15 x 10 -4

-6.377 x 10 -4

-5.025 x 10 -4

-5.381 x 10 -4

-5.375 x 10-4

-3.936 x 10-4

1.254 × 10-4

5.428 x 10 -5

3.192 × 10 -5

-1.719 × 10 -5

-1.044 x 10 -5

8.840 × 10-5

1.756 x 10-4

2.899 × 10 -4

3.760 × 10-4

3.185 × 10-4

3.633 × 10-4

5.379 x 10-4

6.458 x 10 -4

5.770 × 10 -4

6.092 × 10-4

5.083 × 10-4

5.370 × l0 -4

5.807 × 10-4

7.203 x 10-4

6.713 × l0 -4

6.538 x 10 -4

7.102 x 10 -4

7.112 x 10 -4

8.084 x 10 -4

8.513 x 10 -4

_t" / Po_V__
_1.--_ x 10-o

-1.617 x 10-5

2.760 x 10-5

4.040 × 10 -5

1.605 x 10 -6

2.379 x 10 -5

2.755 × 10 -5

5.822 x 10 -5

5.314 x 10 -5

4.647 × 10 -5

2.811 x 10 -5

4.698 x 10 -3

4.630 x 10-3

4.582 × 10-3

4.335 × 10-3

4.232 × 10-3

4.052 x 10 -3

4.022 x 10 -3

4.092 × l0 -3

4.109 × 10 -3

3.896 × 10 -3

3.780 x 10 -3

3.438 x 10 -3

3.297 × 10-3

3.160 x 10-3

3.099 x 10 -3

2.946 x 10 -3

2.859 x 10 -3

2.744 x 10 -3

2.631 × 10 -3

2.589 x 10 -3

2.551 × 10 -3

2.532 × 10-3

2.538 x 10-3

2.705 x 10-3

2.782 × 10-3
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x/L

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267i

0.0267

0.0267

P/PeoV2__
8._ x 10-

8.936 × 10-2

9.022x 10-2

9.225x 10-2

9.652x 10-2

1.018x 10-1

1.088x I0-I

1.175x I0-l

1.299x I0-I

1.436x I0-I

1.592x lO-I

1.728x lO-1

1,806x I0-I

1.839x i0-I

1.788x I0-l

1.644x I0-I

1.473x 10-1

1,351x I0-I

1.]80x 10-I

1.090x I0-I

1,019x I0-I

9.858 x 10-2

9.404 x 10-2

8.763 x 10-2

7.978 x 10-2

6.760 x 10-2

5.259 x 10-2

3.420 × 10-2

1.971 x 10-2

1.030 x 10 -2

6.233 x 10-3

4.224 x 10 -3

3.490 x lO -3

3.468 x 10-3

3.309 x 10-3

4.236 x 10-3

"rzx/PooV 2

-6.773 x 10-3

-7.443 x 10-3

-8.751 x 10 -3

-1.139 x 10 -2

-1.322 x 10 -2

-1.484 x 10 -2

-1.610 x 10 -2

-1.683 x 10 -2

-1.619 x 10 -2

-1.415 x 10 -2

-9.902 x 10 -3

-4.085 x 10 -3

3.116 × 10-3

9.891 x 10-3

1.618 x 10-2

1.921 x 10-2

1.959 x 10-2

1.804x 10-2

1.603x lO-2

1.431x I0-2

1.241x 10-2

1.085x 10-2

1,018x 10-2

1,079x 10-2

1.068x 10-2

8.987x 10-3

6.193x 10-3

3.419x 10-3

I1987x lO-3

1.212x ]0-3

I.I11x lO-3

9.364x 10-4

1.024x 10-3

7.941x lO-4

1.161x lO-3

= 2
Tzy / Poo Vcx)

-1.001 x 10 -3

1.308 x 10 -3

1.405 x 10 -3

1.750 x 10 -3

2.155 x 10 -3

2.361 x 10 -3

2.572 x 10 -3

3.248 x 10 -3

4.007 x 10 -3

4.095 x 10 -3

4.386 x 10 -3

4.198 x 10 -3

3.548 x 10 -3

2.859 x 10 -3

2.037 x 10 -3

7.528 x 10 -4

-2.359 x 10 -4

-4.303 x 10 -4

-3.764 x 10 -5

1.903 x 10 -4

2.975 x 10 -4

9.672 x 10 -4

1.603 x 10 -3

1.793 x 10 -3

1.653 x 10 -3

1.034 x 10 -3

6.334 × 10 -5

-5.352 x 10 -4

9.085 x 10-5

7.045 x 10-5

3.326 x 10-5

-1.206 x 10-4

-1.612 x 10-4

-4.329 x 10-4

-5.503 × 10 -4

-6.433 x 10-4

_" / poc V3_

3.021 x 10 -3

3.471 x 10 -3

3.710 x 10 -3

4.239 x 10 -3

4.952 x 10 -3

5.581 x 10 -3

6.379 x 10 -3

7.293 x 10 -3

8.305 x 10 -3

9.304 x 10 -3

1.044 x 10 -2

1.107 x 10 -2

1.128 x 10 -2

1.087 x 10 -2

9.900 x 10 -3

8.539 x 10 -3

7.059 × 10 -3

5.859 x 10 -3

4.554 x 10 -3

3.798 x 10 -3

3.031 x 10 -3

2.599 x 10 -3

2.100 x 10 -3

1.583 x 10-3

1.321 x 10 -3

8.154 x 10 -4

4.224 x 10 -4

-3.499 x 10 -5

-1.552 x 10 -4

-9.432 x 10 -5

-9.884 x 10 -5

-7.741 x 10 -5

-5.869 x 10 -5

-5.279 x 10 -5

-6.771 x 10 -5

-6.640 x 10 -5



x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0267

0.0267

0.0267

0.O267

0.0267

0.0267

0.0267

0.0267

0.0267

O.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0267

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

p/Poo V2
Q()

4.434 x 10 -3

5.205 × 10 -3

6.343 x 10-3

6.358 x 10-3

6.508 x 10-3

6.765 x 10-3

7.027 x 10-3

6.889 x 10-3

7.113 × 10 -3

7.647 x 10-3

7.709 × 10 -3

7.602 x 10 -3

7.432 x 10 -3

7.481 x 10 -3

7.522 x 10 -3

7.490 x 10-3

7.474 x 10 -3

7.369 x 10-3

7.401 × 10-3

7.517 x 10-3

3.457 x 10-2

3.754 x 10-2

3.823 x 10-2

4.228 × 10-2

4.321 x 10-2

4.701 x 10-2

4.794 x 10-2

5.368 x l0 -2

5.505 x l0 -2

6.008 x l0 -2

6.124 x l0 -2

6.524 x 10 -2

6.619 x 10 -2

7.030 x 10 -2

7.133 x 10 -2

7.491 x 10 -2

7-zx/pooV_

1.061 x 10 -3

1.205 x 10 -3

1.393 x 10 -3

1.378 x 10-3

1.436 x 10-3

1.444 x i0 -3

1.553 x 10-3

1.465 x 10-3

1.710 x 10-3

1.777 x 10-3

1.685 × 10-3

1.540 x 10-3

1.488 x 10-3

1.562 x 10 -3

1.647 x 10 -3

1.708 x 10 -3

1.642 x 10 -3

1.626 x 10 -3

1.724 x 10 -3

1.568 x 10 -3

9.775 x 10 -3

8.694 x 10-3

8.425 x 10-3

6.643 x 10-3

6.247 x 10-3

4.357 x 10-3

3.957 x 10-3

2.603 x 10-3

2.319 x 10-3

1.310 x 10-3

1.092 x 10-3

-1.192 x 10 -4

-3.929 x 10 -4

-1.299 x 10 -3

-1.517 x 10 -3

-1.887 x 10 -3

Tzy/Po0 V2

--8.522 X 10 -4

--9.690 X 10-4

--1.212 X 10-3

--1.292 X 10 -3

--1.256 X 10 -3

--1.183 X 10 -3

--1.352 X 10 -3

-1.060 × 10 -3

-1.230 x 10 -3

-1.304 x 10 -3

-1.159 x 10 -3

-1.012 x 10 -3

-9.644 x 10-4

-9.790 × 10-4

-1.025 x 10 -3

-9.764 x l0 -4

-9.258 x l0 -4

-7.147 x 10-4

-7.669 × 10-4

-6.329 x 10 -4

1.539 × 10 -4

7.003 × 10 -5

4.165 x 10 -5

3.566 × 10 -6

-8.736 x 10 -6

1.522 x 10-4

1.910 × 10-4

3.765 x 10-4

4.137 × 10 -4

3.959 x 10 -4

3.697 x 10 -4

6.441 x 10 -4

6.889 x 10 -4

6.592 x 10 -4

6.401 x 10 -4

6.029 x l0 -4

-8.151 x 10-5

-5.384 x 10-5

-4.800 x 10-5

-5.371 x 10-5

-3.403 × 10 -5

-6.018 x 10 -5

-4.999 x 10 -5

-1.000 x 10 -5

2.572 × 10 -5

1.609 × 10 -5

7.959 × 10-6

1.503 × 10-5

7.247 × 10-6

1.131 x 10-5

1.916 x 10-5

5.393 × 10-5

8.802 × 10-5

5.890 × 10-5

4.999 × 10-5

6.637 × 10-5

4.714 x 10-3

4.630 × 10-3

4.606 x 10-3

4.317 × 10-3

4.245 x 10-3

4.051 x 10-3

4.013 × 10-3

4.107 × 10-3

4.133 × 10-3

3.863 x 10-3

3.800 x 10 -3

3.386 x 10 -3

3.292 × 10 -3

3.140 × 10 -3

3.104 × 10 -3

2.932 x 10 -3



357

TableA.4: Surfacevariablesonupperplate, finegrid (con-
tinued).

y/L

.0333

.0333

.0333

0.5933 0.0333

0.6000 0.0333

0.6067 0.0333

0.6133 0.0333

0.6200 0.0333

0.6267 0.0333

0.6333 0.0333

0.6400 0.0333

0.6467 0.0333

0.6533 0.0333

0.6600 0.0333

0.6667 0.0333

0.6733 0.0333

0.6800 0.0333

0.6867 0.0333

0.6933 0.0333

0.7000 0.0333

0.7067 0.0333

0.7133 0.0333

0.7200 0.0333

0.7267 0.0333

0.7333 0.0333

0.7400 0.0333

0.7467 0.0333

0.7533 0.0333

0.7600 0.0333

o76670.0333
0.7733 0.0333

0.7800 0.0333

0.7867 0.0333

0.7933 0.0333

0.8000 0.0333

0.8067 0.0333

-:2
P/PooVa_a =

-7.647× lO
7.798 x 10 -2

8.048 × 10 -2

8.079 × 10 -2

8.324 × 10 -2

8.346 × 10 -2

8.537 × 10 -2

8.584 × 10 -2

8.679 × 10 -2

8.778 × 10 -2

8.853 × 10 -2

9.004 × 10 -2

9.249 × 10 -2

9.578 × 10-2

1.002 × 10 -1

1.070 × 10 -1

1.173 × 10-1

1.303 × 10-1

1.440 × 10-1

1.585 × 10-1

1.717 > 10 -1

1.809 x 10 -1

1.841 × 10-1

1.793 × 10-1

1.688 × 10-1

1.543 × 10-1

1.379 × 10-1

1.220 × 10-1

1.102 × 10-1

1.016 x 10-1

9.673 × 10-2

9.329 × 10-2

8.908 x 10 -2

8.005 x 10 -2

7.083 x 10 -2

5.913 × l0 -2

-2.205 × 10 -3

-2.513 × 10 -3

-2.578 × 10 -3

-3.107 × 10 -3

-3.152 x 10 -3

-3.570 × 10 -3

-3.827 × 10 -3

-4.452 × 10 -3

-5.421 × 10 -3

-6.209 × 10-3

-7.642 × 10-3

-8.998 × 10-3

-1.096 × 10-2

-1.288 × 10-2

-1.460 × 10 -2

-1.601 × 10 -2

-1.670 × 10 -2

-1.599 × 10 -2

-1.397 × 10 -2

-9.893 × 10 -3

-3.310 × 10 -3

3.930 × 10 -3

1.019 × 10-2

1.461 × 10-2

1.830 × 10-2

1.954 × 10-2

1.862 × 10-2

1.714 × 10-2

1.450 × 10-2

1.293 × 10 -2

1.186 x 10-2

1.098 x 10 -2

1.128 x 10 -2

1.070 x 10 -2

1.005 x 10 -2

 zy/p V 
5.437 × 10-4

7.086 × 10 -4

7.845 × 10-4

7.997 × 10-4

8.862 × 10-4

8.856 × 10-4

9.568 × 10-4

9.661 × 10-4

1.097 × 10 -3

1.227 × 10 -3

1.442 × 10-3

1.853 × 10-3

1.968 × 10 -3

2.340 × 10 -3

3.008 × 10 -3

3.597 × 10 -3

4.331 × 10 -3

4.803 × 10 -3

5.058 × 10 -3

5.444 x 10 -3

5.252 x 10 -3

4.267 x 10-3

3.457 × 10-3

1.784 × 10-3

1.305 × 10-3

6.618 × 10-4

-2.631 x 10 -5

-3.812 × 10-4

7.746 x 10-5

2.412 x 10-4

9.336 × 10-4

1.564 x 10 -3

1.728 x 10 -3

1.059 x 10 -3

8.417 × 10 -4

4.285 x 10 -4

_l"/pooV_

2.857 × 10 -3

2.755 x 10 -3

2.616 x 10 -3

2.606 × 10 -3

2.538 x 10 -3

2.538 × 10 -3

2.544 x 10 -3

2.616 × 10 -3

2.789 × 10 -3

3.053 × 10 -3

3.293 x 10 -3

3.787 x 10 -3

4.299 × 10-3

4.857 × 10 -3

5.475 × 10-3

6.253 × 10 -3

7.272 x 10-3

8.387 x 10-3

9.416 × 10 -3

1.041 × 10 -2

1.111 x 10 -2

1.137 × 10 -2

1.095 x 10 -2

1.008 x 10 -2

8.927 x 10 -3

7.495 x 10 -3

6.119 x 10 -3

4.840 x 10 -3

3.841 x 10-3

3.073 × lO -3

2.606 x lO-3

2.280 × lO-3

1.784 x lO-3

1.357 x 10-3

9.974 x 10 -4

6.062 × 10-4



x/L
0.8133

0.8200

0.8267

0.8333

O.84O0

0.8467

0.8533

0.8600

0.8667

0.8733

O.88OO

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

O.9933

1.0000

0.4667

0.4733

0.480O

O.4867

0.4933

0.5000

0.5067
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

0.0333

O.O4O0

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

P/pc_V_

4.502 × 10-2

31110 × 10-2

1.989 x 10 -2

1.294 x 10 -2

9.900 x 10 -3

8.266 x 10 -3

7.435 x 10 -3

6.728 x 10 -3

6.954 x 10 -3

6.878 x 10-3

7.286 x 10-3

7.575 x 10-3

8.012 x 10-3

7.649 x 10-3

7.626 x 10-3

7.880 x 10-3

8.331 x 10 -3

8.345 x 10 -3

8.020 x 10 -3

7.889 x 10 -3

7.976 x 10 -3

7.835 x 10 -3

7.659 x 10 -3

7.740 x 10 -3

7.822 x 10-3

7.693 x 10-3

7.521 x 10-3

7.359 x 10-3

7.422 x 10 -3

3.542 × 10-2

3.598 × 10 -2

3.949 x 10 -2

4.046 x 10 -2

4.395 x 10 -2

4.485 × 10 -2

4.937 x 10 -2

Tzx/Pc_V 2

7.992x 10-3

5.963x 10-3

3.921x 10-3

3.049x 10-3

2.501x I0-3

2.130× 10-3

1.825x 10-3

1.805x 10-3

1.794x 10-3

1.608x lO-3

1.678x 10-3

1.833x 10-3

1.818x 10-3

2.044x 10-3

1.916x 10-3

2.054x 10-3

2.190x i0-3

1.938× 10-3

1.916x 10-3

1.783x 10-3

1.893x 10-3

1.920x 10-3

1.867× 10-3

1.932x 10-3

2.003x 10-3

1.877x 10-3

1.839x 10-3

1.788x 10-3

1.987× 10-3

9.584x 10-3

9.378× 10-3

7.855× 10-3

7.427x 10-3

5.538x 10-3

5.017× 10-3

3.442x 10-3

-5.681 x 10 -ti

-3.527 × 10-4

-6.028 x 10-4

-5.806 x l0 -4

-5.879 x 10 -4

-6.005 x 10 -4

-8.601 × 10 -4

-1.011 x 10 -3

-9.430 × 10 -4

-1.271 x 10 -3

-1.406 x 10 -3

-1.486 x 10 -3

-1.648 × 10 -3

-1.511 x 10-3

-1.346 x 10-3

-1.705 x 10-3

-1.455 x 10-3

-1.539 x 10-3

-1.352 x 10-3

-1.252 × 10-3

-1.292 × l0 -3

-1.388 x l0 -3

-1.180 × 10 -3

-1.152 x 10-3

--1.107x 10-3

--1.034x lO-3

--9.342x 10-4

-7.913 x 10-4

-8.357 x 10-4

1.859x i0-4

2.192x 10-4

8.419x 10-5

6.796x 10-5

6.718x 10-5

8.798x lO-5

3.127x 10-4

2.084 x 10 -4

3.402 × 10 -5

-1.123 x 10 -4

-7.990 x 10 -5

-6.771 x 10 -5

-1.108 x 10 -4

--7.816 x 10 -5

--7.729 x 10 -5

-1.136 x 10 -4

-9.756 x 10 -5

-7.947 x 10 -5

-5.526 X 10-5

-2.994 × 10-5

2.480 x 10 -5

-4.242 × 10 -5

-9.192 x 10 -6

1.528 x 10-6

-4.346 x 10 -6

2.962 x 10-5

1.743 × 10-5

3.175 x 10-5

6.460 x 10-5

3.290 x 10-5

3.980 x 10-5

4.223 x 10-5

6.668 x 10 -5

7.122 x 10 -5

5.477 x 10 -5

6.182 x 10 -5

4.713 × 10 -3

4.722 × 10 -3

4.567 x 10-3

4.528 x 10-3

4.168 x 10-3

4.085 x 10-3

4.027 x 10-3



TableA.4: Surfacevariableson upperplate,finegrid (con-
tinued).

y/L

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

O.O4O0

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.O40O

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

O.040O

0.0400

0.0400

0.O400

0.0400

0.04O0

0.0400

0.0400

0.0400

p/poovL
5.059 x 10 -2

5.640 x 10-2

5.787 x 10-2

6.208 x 10-2

6.313 x 10-2

6.719 x 10-2

6.822 x 10-2

7.219 x 10-2

7.320 x 10-2

7.673 x 10-2

7.803 x 10-2

7.981 x 10-2

8.138 x 10 -2

8.250 x 10 -2

8.379 x 10 -2

8.514 x 10 -2

8.590 x 10 -2

8.677 x 10 -2

8.758 x 10 -2

8.817 x 10-2

8.991 x 10-2

9.210 x 10-2

9.443 x l0 -2

9.911 x 10-2

1.064 x 10-1

1.150 x 10-t

1.253 x 10-1

1.392 x 10-1

1.550 x 10-1

1.689 x 10 -1

1.790 x 10-1

1.847 x 10-1

1.819 x 10-1

1.714 x 10-1

1.593 x 10-1

1.398 x 10-1

Tzx/PooV_

3.023 x 10-3

1.964 x 10-3

1.679 x 10-3

6.663 x 10-4

3.809 x 10 -4

-6.806 x 10-4

-9.519 x 10 -4

-1.611 × 10 -3

-1.773 x 10 -3

-2.041 x 10 -3

-2.133 x 10 -3

-2.431 x 10 -3

-2.727 x 10 -3

-2.953 x 10 -3

-3.224 x 10-3

-3.52I x 10 -3

-3.787 x 10-3

-4.428 x 10-3

-5.266 x 10-3

-6.011 x 10-3

-7.656 x 10-3

-8.995 × 10 -3

-1.037 x 10 -2

-1.257 x 10 -2

-1.445 x 10 -2

-1.558 x 10 -2

-1.648 x 10 -2

-1.661 x 10-2

-1.470 x 10-2

-1.088 x 10-2

-5.651 x 10-3

5.301 x 10-4

8.254 x 10 -3

1.488 x 10 -2

1.786 x 10 -2

1.957 x 10 -2

 zy/p v 
3.860 x 10-4

5.535 x 10-4

6.187 x 10-4

6.531 x 10-4

7.045 × 10 -4

7.791 × 10 -4

8.139 x 10 -4

7.614 × 10 -4

7.740 x 10 -4

8.594 x 10 -4

9.777 × 10 -4

9.417 × 10 -4

1.057 × 10-3

9.935 × 10 -4

1.021 x 10-3

1.013 × 10 -3

1.175 × 10-3

1.147 x 10-3

1.453 x 10-3

1.556 × 10-3

1.979 × 10-3

2.321 x 10 -3

2.738 x 10 -3

3.317 x 10 -3

4.025 × 10 -3

4.864 x 10 -3

5.541 x 10 -3

6.295 × 10 -3

6.662 x 10 -3

6.462 × 10-3

6.154 × 10-3

4.946 x 10-3

3.547 × 10-3

2.104 × 10-3

6.895 × 10-4

3.597 × 10-5

fl" / p_o V_

4.016 x 10 -3

4.032 x 10 -3

4.014 x 10 -3

3.653 x 10 -3

3.551 x 10 -3

3.250 x 10 -3

3.180 x 10 -3

3.057 x 10 -3

3.023 x 10 -3

2.803 x 10 -3

2.710 x 10 -3

2.637 x 10 -3

2.559 x 10 -3

2.543 x 10 -3

2.523 x 10 -3

2.545 × 10-3

2.629 x 10 -3

2.790 x 10 -3

3.044 × 10 -3

3.229 x 10 -3

3.787 x 10 -3

4.267 x 10 -3

4.696 x 10 -3

5.364 x 10 -3

6.186 × 10 -3

6.977 x 10 -3

7.951 x 10 -3

9.024 x 10-3

1.016 x 10-2

1.099 × 10-2

1.150 x 10-2

1.127 x 10-2

1.056 x 10-2

9.335 x 10 -3

8.155 x 10 -3

6.408 × 10 -3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
. t!nued).

x/L y/L
0.04000.7533

0.7600
0.7667
0.7733
0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.84OO

0.8467

0.8533

0.8600

0.8667

0.8733

0.88OO

0.8867

0.8933

0.900O

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

O.9600

0.9667

0.9733

0.9800

0.9867

0.0400

0.0400

0.0400

0.0400

O.O40O

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.O400

0.O40O

0.0400

0.0400

0.0400

0.0400

0.0400

0.04001

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

0.0400

P/PooV2 1
1.242 × 10-

1.'100 x 10 -1

1.035 × 10 -1

9.602 x 10 -2

9.084 x 10 -2

8.768 x 10 -2

8.221 × 10 -2

7.402 x 10-2

6.405 x 10-2

5.266 × 10-2

4.084 x 10-2

3.143 × 10-2

2.419 × 10 -2

1.851 x 10 -2

1.559 x 10 -2

1.339 × 10 -2

1.187 x 10 -2.

1.077 x 10-2

1.018 x 10 -2

1.036 x 10-2

9.729 x 10-3

9.517 x 10-3

8.653 x 10 -3

8.551 x 10 -3

8.86t x 10 -3

8.783 x 10 -3

8.531 x 10-3

8.869 × 10 -3

8.603 x l0 -3

8.089 x 10-3

8.066 × 10-3

8.186 x lO -3

7.899 x 10 -3

7.872 × 10 -3

7.750 x 10-3

7.378 × 10-3

 'zx/pooV 

1.751 x 10 -2

1.641 x 10-2

1.309 × 10 -2

1.201 x 10-2

1.114 × 10-2

1.102 × 10-2

1.112 x 10 -2

1.082 x 10-2

9.855 x 10 -3

8.150 x 10 -3

6.917 × 10-3

5.330 x 10 -3

4.447 x 10 -3

3.697 x 10-3

3.300 x 10-3

3.025 × 10-3

2.619 × 10-3

2.415 x 10 -3

2.641 x 10 -3

2.469 × 10 -3

2.312 x 10 -3

2.552 x 10-3

2.559 × 10-3

2.414 × 10-3

2.435 x 10-3

2.183 × 10 -3

2.391 x 10 -3

2.296 × 10 -3

"2.171 x 10 -3

2.133 x 10-3

2.186 x 10-3

2.159 x 10-3

2.180 x 10 -3

2.086 x l0 -3

1.911 x 10 -3 I

"rz. /PooV 2

8.944 x 10 -5

5.999 x 10 -5

8.886 × 10 -4

1.666 x 10-3

1.939 × 10 -3

2.026 x 10-3

1.308 × 10 -3

7.704 x I0 -4

--8.402 x 10 -5

--7.332 X 10 -4

--1.073 x 10 -3

--9.593 X 10 -4

--1.231 x 10 -3

--1.627 x 10 -3

-1.520 x 10 -3

-1.749 x 10 -3

-1.757 x 10 -3

-1.796 x 10 -3

-1.823 x 10-3

-1.898 x 10-3

-2.019 x 10 -3

-1.806 x 10 -3

-1.774 x 10 -3

-1.951 x 10 -3

-1.945 x 10 -3

-1.828 x 10 -3

-1.836 x 10 -3

-1.729 x 10-3

-1.606 x 10 -3

-1.490 x 10 -3

-1.207 x 10 -3

-1.153 x 10 -3

-1.153 x 10 -3

-1.159 x 10 -3

-9.269 × 10 -4

5.074 x 10-

3.960 x 10 -3

3.402 x lO-3

2.662 x 10-3

2.321 x 10-3

1.878 x 10-3

1.618 x 10-3

1.327 x 10 -3

8.305 x 10 -4

5.055 x 10 -4

2.242 x 10 -4

7.401 x 10 -5

-2.485 x 10 -6

-2.585 x 10 -5

-6.693 x 10 -5

-6.821 x 10 -5

-3.869 x 10 -5

-5.803 x 10-5

-8.058 x 10-5

-3.027 x 10-5

-3.411 x 10-5

-2.851 x 10-6

2.834 x 10 -5

1.246 x 10-5

4.143 x 10-5

6.529 x 10-5

3.620 x 10-5

5.595 x 10-5

5.774 x 10-5

5.796 x 10 -5

6.912 x 10 -5

7.786 x 10 -5

8.906 × 10-5

8.363 x 10-5

7.895 × 10-5

8.957 x 10 -5



x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0,5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867
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Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

_ y/L
0.0400

O.O4O0

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0,0467

0.0467

010467

0.0467

0.0467

0.0467

0.0467

0.04671

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

p/p_V 2

71o9ix i6 -3-
7.251 × 10 -3

3.527 × 10 -2

3.604 × 10-2

3.919 × 10-2

4.050 x 10-2

4.364 x 10-2

4.491 x 10-2

4.891 x 10-2

5.065 x 10-2

5.578 x 10 -2

5.787 x 10 -2

6.160 x lO -2

6.317 x 10 -2

6.681 x 10 -2

6.828 x 10 -2

7.183 x 10 -2

7.326 x 10-2

7.640 x 10-2

7.803 x lO-2

7.961 x lO-2

8.141 x 10-2

8.199 x lO-2

8.390 x 10-2

8.435 x 10 -2

8.603 x 10 -2

8.669 x 10 -2

8.725 x 10 -2

8.843 x 10-2

8.922 x 10-2

9.104 x 10-2

9.442 x 10-2

9.882 x 10-2

1.039 x 10 -1

1.141 x 10 -1

1.271 x lO -1

rzx/pooV 2

2.026 x 10 -3

9.597 x 10-3

9.346 x 10-3

7.995 x 10-3

7.401 x 10-3

5.696 x 10 -3

4.996 x 10 -3

3.550 × 10 -3

3.001 × 10 -3

2.008 x 10 -3

1.649 x 10-3

7.084 x 10-4

3.568 x 10-4

-6.004 x 10-4

-9.598 x 10 -4

-1.554 x 10-3

-1.770 x 10-3

-1.995 x 10-3

-2.133 x 10-3

-2.382 x 10-3

-2.734 x 10 -3

-2.831 x 10 -3

-3.252 x 10 -3

-3.329 x lO -3

-3.687 x lO-3

-4.254 x 10-3

-4.661 x 10-3

-6.485 x 10-3

-7.139 x 10 -3

-8.530 x 10 -3

-1.062 x 10 -2

-1.231 x lO -2

-1.381 x 10 -2

-1.532 x lO -2

-1.630 x lO -2

-8.135 x 10-'*

-8.680 x 10 -4

2.103 x 10-4

2.182 x 10-4

1.048 x 10-4

6.801 x 10-5

6.146 x 10 -5

9.088 x 10 -5

2.879 x 10 -4

3.861 x 10 -4

5.470 x 10 -4

6.358 x 10 -4

7.299 x 10 -4

7.217 x 10 -4

8.061 x 10-4

8.239 x 10-4

8.168 x 10-4

8.016 x 10-4

9.787 x 10-4

9.967 x 10-4

1.131 × 10 -3

1.094 × 10 -3

1.123 x 10 -3

1.088 x 10 -3

1.171 × 10 -3

1.377 x 10 -3

1.533 x 10-3

1.601 x 10-3

1.870 x 10-3

2.126 x 10-3

2.481 x 10-3

3.198 x 10 -3

3.942 x 10 -3

4.436 x 10 -3

5.211 x 10 -3

6.407 x 10 -3

q IPoo_lO-
8.478 x 10 -5

4.675 x 10 -3

4.71i x 10 -3

4.572 x 10 -3

4.520 x 10 -3

4.200 x 10 -3

4.088 x 10 -3

4.028 x 10 -3

4.014 x 10 -3

4.016 x 10 -3

4.003 x 10 -3

3.685 x 10 -3

3.547 x 10 -3

3.274 x 10 -3

3.176 x 10 -3

3.052 x 10 -3

3.015 x 10 -3

2.816 x 10 -3

2.710 x 10 -3

2.638 x 10 -3

2.553 x 10 -3

2.543 x 10 -3

2.505 x 10 -3

2.526 x 10 -3

2.627 x 10 -3

2.808 x 10 -3

2.954 x 10 -3

3.362 x 10 -3

3.596 × 10 -3

4.087 x 10 -3

4.734 x 10 -3

5.336 x 10 -3

5.946 x 10 -3

6.898 × 10 -3

7.999 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

x/i
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

y/L

0.0467

0.0467

0.0467

0.0467

0.0467

0.O467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

O.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

p/pooV
2_3

1.398 x 10-z

1.526 x 10-1

1.658 x 10-1

1.777 x 10-1

1.828 x 10-1

1.834 x l0 -1

1.763 x 10-1

1.605 × 10-1

1.456 × 10-1

1.251 x l0 -1

1.134 x l0 -1

1.023 x 10-1

9.561 x l0 -2

8.949 x 10-2

8.545 x 10 -2

8.080 x 10-2

7.478 x 10 -2

6.598 x 10-2

5.695 x 10 -2

4.721 x 10-2

3.942 x 10-2

3.145 x 10-2

2.519 x l0 -2

2.202 x 10 -2

1.884 x 10 -2

1.664 x 10 -2

1.494 x 10-2

1.385 x 10-2

1.271 x 10-2

1.179 x 10-2

1.154 x 10-2

1.066 x 10-2

9.782 x 10 -3

1.009 × 10 -2

9.741 x 10 -3

9.626 x 10 -3

[ rzx/Poo Vz
-1.611 x 1_ -2

-1.446 x 10-2

-1.114 × 10 -2

-6.281 x lO -3

-6.926 x 10-5

6.096 x 10 -3

1.296 x 10 -2

1.803 x 10 -2

1.983 x 10 -2

2.021 x 10-2

1.872 x 10-2

1.659 x 10-2

1.461 x 10-2

1.225 x 10-2

1.209 x 10-2

1.165 x 10-2

1.121 x I0 -2

1.172 x 10 -2

1.055 x 10 -2

9.592 x lO-3

8.729 x 10 -3

6.946 x 10 -3

5.988 x 10 -3

5.39I × 10 -3

4.670 x 10 -3

4.290 x 10 -3

3.799 x 10 -3

3.532 x 10 -3

3.182 x 10 -3

3.133 x 10 -3

3.103 x 10 -3

3.020 x 10 -3

2.924 x 10 -3

2.983 x 10 -3

2.745 x 10 -3

2.805 x 10-3

_-zy/pocV_
7.121 × 10 -3

7.414 x 10 -3

7.636 × 10 -3

7.704 x 10 -3

6.706 x 10 -3

5.374 x 10-3

3.579 x 10 -3

1.464 x 10 -3

3.952 x 10 -4

3.290 x 10 -4

9.235 x 10 -5

2.530 x 10 -4

4.222 × 10 -4

1.405 x 10 -3

1.995 × 10 -3

2.059 x 10 -3

1.853 x 10 .3

9.997 x 10-4

4.559 x 10-4

-2.117 x 10-4

-1.134 x 10-3

-1.379 x 10-3

-1.633 x 10-3

-1.509 x 10-3

-2.025 x 10-3

-2.179 x 10 -3

-2.075 × 10-3

-2.204 x 10-3

-2.258 x 10-3

-2.177 x 10-3

-2.308 x 10-3

-2.218 x 10-3

-1.946 x 10 -3

-1.906 x 10 -3

-2.193 x 10 -3

-2.015 x 10 -3

q /PooV__ 3
9.111 x 10""

1.014 x 10-2

1.097 x 10-2

1.141 x 10-2

1.140 x 10-2

1.089 x 10-2

9.703 x 10-3

8.183 x 10-3

6.899 x 10-3

5.233 x 10 -3

4.367 × 10 -3

3.433 x 10 -3

2.799 x 10 -3

2.250 x 10 -3

2.100 x 10 -3

1.800 x 10 -3

1.398 x 10 -3

1.116 x 10-3

8.369 x 10-4

4.176 x 10-4

3.157 x 10-4

2.375 x 10 -4

6.646 x 10-5

3.278 x 10 -5

-7.121 x 10-6

4.353 x 10 -5

1.322 x 10 -5

3.035 x 10 -5

8.638 x 10 -6

-4.238 x 10 -6

2.604 x 10 -5

5.222 x l0 -5

4.746 x 10-5

5.281 x 10 -5

4.862 x 10 .5

7.942 x 10 -5



: _ 363

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

y/L

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0.0467

0:0467

0.0467

0.0467

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

P/Pco V:_l,3
91467× io-

9.204 x 10-3

8.744 x 10-3

8.665 x 10-3

8.468 x 10-3

8.199 x 10-3

8.077 × 10-3

7.793 × 10-3

7.573 x 10-3

7.447 × lO-3

7.375 x 10 -3

3.438 × 10 -2

3.712 x 10 -2

3.760 × 10 -2

4.165 × lO -2

4.232 × 10 -2

4.615 x 10-2

4.677 x 10-2

5.232 × 10-2

5.323 x 10-2

5.889 x 10-2

5.981 x 10-2

6.444 x 10-2

6.522 x 10-2

6.969 x 10-2

7.046 x 10-2

7.453 × 10 -2

7.531 x 10 -2

7.836 x 10-2

7.954 x lO-2

8.087 × 10-2

8.259 × 10-2

8.321 x lO-2

8.459 × 10-2

8.541 × 10 -2

8.633 x 10 -2

rzx/p_V_

2.780x 10-3

2.719× 10-3

2.510x 10-3

2.488x 10-3

2.359x lO-3

2.308x 10-3

2.328x 10-3

2.257x 10-3

2.222x 10-3

2.184x 10-3

2.145x 10-3

9.708x 10-3

8.895x 10-3

8.743x 10-3

6.836x 10-3

6.498x 10-3

4.462x 10-3

4.099x 10-3

2.549x 10-3

2.280x 10-3

1.197x 10-3

1.007x 10-3

-4.465 x 10-5

-2.274 x 10-4

-1.212 x 10-3

-1.378 x lO-3

-1.799 x 10-3

-1.875 x 10-3

-2.186 × 10-3

-2.300 x 10-3

-2.555 x lO-3

-2.808 × 10-3

-2.968 x lO-3

-3.206 x lO-3

-3.557 × 10-3

-4.022 x 10-3

rzy/Poo v2

-2.015 x 10-3

-1.906 x lO-3

-1.694 x 10-3

-1.736 x lO-3

-1.617 x lO-3

-1.455 x 10-3

-1.332 x 10-3

-1.253 x 10-3

-1.121 x 10-3

-1.051 x 10-3

-i.011 × 10-3

2.869x 10-4

1.614× 10-4

1.451x lO-4

1.085x 10-5

-2.136 x 10-5

1.234x lO-4

1.366x 10-4

3.781x 10-4

4.046x 10-4

8.208x 10-4

8.921x 10-4

8.194x 10-4

8.]18x 10-4

8.828x 10-4

8.908 x 10-4

1.053 x 10-3

1.090 x 10-3

1.243 x 10-3

1.343 x 10-3

1.286 x 10-3

1.368 x 10 -3

1.338 x 10 -3

1.519 x 10 -3

1.591 x 10 -3

1.899 x 10 -3

, "/poov 
1.162x 10-4

1.019x lO-4

1.066× lO-4

1.431x lO-4

1.122x 10-4

9.363x 10-5

1.225x 10-4

1.309x 10-4

1.060x 10-4

9.833x 10-5

9.737 × 10 -5

4.531 x 10-3

4.608 x 10-3

4.609 × lO-3

4.377 x 10-3

4.326 x 10-3

4.068 x 10-3

4.018x lO-3

4.013x lO-3

4.010x 10-3

3.889x 10-3

3.867x lO-3

3.435x lO-3

3.364x 10-3

3.090x 10-3

3.041x lO-3

2.920 x 10-3

2.893 x lO-3

2.706x lO-3

2.634x 10-3

2.587x lO-3

2.525x lO-3

2.515x 10-3

2.483x 10-3

2.583x 10-3

2.710x 10-3



' 364

x/L

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0533

0.0533

0.0533

0.0533

Q.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

O.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

0.0533

P/P_V L

8.717 x 10 -2

81739 × 10 -2

8.906 x 10 -2

9.139 x 10 -2

9.241 x 10-2

9.669 x 10 -2

1.032 x 10 -1

1.099 x 10 -1

1.195 × 10 -1

1.339 x 10 -1

1.496 × 10 -1

1.637 x 10 -1

1.754 x 10 -1

1.828 x 10-1

1.830 x 10 -1

1.763 x 10 -1

1.651 x 10 -1

1.460 x 10 -1

1.309 x 10 -1

1.137 × 10 -1

1.041 x 10 -1

9.646 x 10 -2

8.976 x 10 -2

8.451 x 10 -2

7.936 x 10 -2

7.443 x 10 -2

6.762 x 10 -2

5.944 x 10 -2

5.086 x 10-2

4.340 × 10 -2

3.775 x 10 -2

3.058 × 10 -2

2.758 x 10 -2

2.339 x 10-2

2.066 x l0 -2

1.862 x 10-2

Tzx/ Poo V L

--5.297 X 10 -3

--5.671 X 10 -3

--7.180 X 10 -3

--8.766 X 10 -3

--9.384 X 10 -3

--1.129 X 10 -2

--1.355 X 10 -2

--1.465 X 10 -2

--1.573 × 10 -2

--1.617 X 10 -2

-1.515 x 10 -2

-1.146 x 10 -2

-6.467 x 10-3

4.336 x 10 -4

7.189 x 10 -3

1.245 x 10-2

1.690 x 10-2

1.997 x 10-2

2.037 x 10-2

1.911 x 10-2

1.772 x l0 -2

1.565 x l0 -2

1.369 x l0 -2

1.257 x 10 -2

1.211 x 10 -2

1.182 x 10 -2

1.169 x 10 -2

1.128 x 10 -2

1.014 x 10 -2

9.527 x 10 -3

8.528 x 10 -3

7.674 × 10 -3

6.749 x 10 -3

5.819 x 10 -3

5.386 x 10 -3

4.886 x 10 -3

_-zy/pooVL

2.032 x 10-3

2.136 x 10 -3

2.668 x 10 -3

3.230 x 10 -3

3.481 x 10 -3

4.131 x l0 -3

4.843 x 10-3

5.826 x 10-3

6.705 x 10-3

7.650 x 10-3

8.246 x 10-3

8.710 x 10-3

8.638 x 10-3

7.588 x 10 -3

5.982 x 10 -3

4.628 × 10 -3

2.945 x 10 -3

3.480 x 10 -4

-9.653 x 10 -5

-3.437 x 10 -4

8.852 x 10 -5

-6.900 x 10-5

9.087 x 10 -4

1.665 x 10-3

1.881 x 10-3

1.824 x 10-3

1.248 x 10-3

5.252 x 10-4

-1.984 x 10-4

-1.060 x 10-3

-1.601 x 10-3

-1.862 x 10 -3

-2.198 x 10 -3

-2.240 x l0 -3

-2.246 × l0 -3

-2.309 x l0 -3

_t" /PccV_J
3.068 x 10-

3.168 x 10 -3

3.648 x 10 -3

4.171 x 10 -3

4.378 x 10 -3

5.044 x 10 -3

5.922 x 10 -3

6.575 x 10 -3

7.367 x 10 -3

8.509 x 10 -3

9.965 × 10 -3

1.085 x 10 -2

1.124 x 10 -2

1.130 x l0 -2

1.086 x 10 -2

9.897 x 10 -3

8.821 x 10 -3

7.019 x 10-3

5.850 x 10-3

4.460 x 10-3

3.815 × 10-3

3.154 x 10-3

2.467 x 10-3

2.031 x 10-3

2.005 × 10 -3

1.674 x 10 -3

1.305 x 10 -3

9.765 x 10-4

7.212 x 10 -4

6.742 x 10-4

3.017 x 10 -4

2.895 x 10 -4

1.858 x 10 -4

8.081 x 10 -5

1.251 × 10 -4

7.854 x 10 -5



x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

l.O000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0533

0.0533 1.513

0.0533 1.418

0,0533 1.328

0.0533 1.233

0.0533 1.154

0.0533 1.114

0.0533 1.078

0.0533 1.055

0.0533 9.972

0.0533 9.777

0.0533 9.508

0.0533 9.177

0.0533 8.912

0.0533 8.813

0.0533 8.388

0.0533 8.172

0.0533 7.981

0.0533 7.734

0.0533 7.536

0.0600 3.461

0.0600 3.611

0.0600 3.804

0.0600 4.042

0.0600 4.275

0.0600 4.520
0.0600 I 4.749

0.0600 5.072

0.0600 5.378

0.0600 5.710

0.0600 6.015

0.0600 6.298

O.0600 6.568

0.0600 6.842

0.0600 7.079

0.0600 7.316

2

p/poov _
11738 x- ]-0-

× 10-2

x 10-2

x 10-2

× 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-3

x 10-3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10 -3

x 10-3

x 10-3

x 10-3

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

Tzx/P_VL

4.625 X 10-3

3.983 x 10-3

3.964 X 10-3

3.958 X 10-3

3.722 X 10-3

3.650 x 10-3

3.321 x 10-3

3.336 X 10-3

3.259 X 10 -3

3.068 X 10 -3

2.966 X 10 -3

2.852 X 10 -3

2.755 x 10 -3

2.678 x 10 -3

2.641 X 10 -3

2.478 X 10 -3

2.456 X 10 -3

2.488 x 10 -3

2.419 x 10-3

2.295 X 10-3

9.611 x 10-3

9.160 X 10-3

8.612 X 10-3

7.691 x 10-3

6.522 x 10-3

5.488 X 10-3

4.083 x 10-3

3.095 x 10-3

2.179 X 10 -3

1.441 X 10 -3

8.823 x 10 -4

2.440 x 10 -4

--3.493 x 10 -4

--9.595 x 10 -4

--1.377 x 10 -3

--1.644 X 10 -3

.......... 2

"rzy / PooVoa

-2.548 x 10 -3

-2.552 x 10 -3

-2.363 x 10 -3

-2.300 x 10 -3

-2.457 x 10 -3

-2.228 x 10 -3

-1.899 × 10 -3

-2.278 x 10 -3

-2.236 x 10 -3

-1.931 x 10 -3

-1.980 x 10 -3

-1.902 x 10 -3

-1.874 x 10 -3

-1.750 x 10 -3

-1.728 x 10 -3

-1.535 x 10 -3

-1.424 x 10 -3

-1.353 x 10 -3

-1.257 x 10 -3

-1.194 x 10 -3

2.294 x 10-4

1.295 × 10-4

1.528 x 10 -4

1.335 x 10 -4

7.014 x 10 -5

1.861 × 10 -4

2.227 x 10 -4

3.982 x 10 -4

5.368 x 10 -4

8.312 x 10 -4

9.022 x 10 -4

9.141 x 10 -4

8.914 x 10 -4

9.919 x 10 -4

1.018 x 10 -3

1.206 x 10 -3

• _lgt ir_

q /Pc_V_
8.448 lo -5
8.121 x 10 -5

1.119 x 10 -4

8.207 x 10 -5

1.379 x 10 -4

1.242 x 10 -4

7.496 x 10 -5

1.087 × 10 -4

1.443 x 10 -4

1.528 × 10 -4

1.431 x 10 -4

1.568 x 10-4

1.759 x 10-4

1.340 x 10 -4

1.167 x 10 -4

1.309 x 10-4

1.233 x 10-4

1.106 x 10-4

1.137 x 10-4

1.128 x 10-4

4.548 x 10-3

4.599 × 10-3

4.618 x 10-3

4.556 x 10-3

4.380 x 10-3

4.285 x 10-3

4.070 x 10-3

4.040 x 10-3

3.992 x 10 -3

3.916 x 10 -3

3.795 x 10 -3

3.551 x 10 -3

3.334 x 10 -3

3.150 x 10 -3

3.038 x 10 -3

2.958 x 10-3
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x/L

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

O.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.806_ 7

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

0.0600

P/pc_V_

7.545 x 10-2--

7.746 x 10-2

7.942 x 10-2

8.081 x 10 -2

8.243 × 10 -2

8.311 x lO -2

8.444 x 10 -2

0.0600 8.518

0.0600 8.619

0.0600 8.674

0.0600 8.745

0.0600 8.830

0.0600 8.996

0.0600 9.267

0.0600 9.506

0.0600 1.005

0.0600 1.107

0.0600 1.224

0.0600 1.320

0.0600 1.442

0.0600 1.585

0.0600 1.737

0.0600 1.821

0.0600 1.822

0.0600 1.778

0.0600 1.661

0.O6O0 1.550

0.0600 1.365

0.0600 1.189

0.0600 1.076

0.0600 9.607

0.0600 8.985

0.0600 8.155

0.0600 7.836

0.0600 7.293

9.0600 [ 6.703

x 10-2

x 10-2

x lO-2

x 10-2

x lO-2

X lO-2

x 10-2

x 10-2

x lO-l

× i0-l

x i0-l

x i0-I

x I0-I

x I0-I

x 10-I

x I0-I

x I0-I

x I0-I

x I0-I

x 10-1

x lO-I

x 10 -1

× 10 -1

× 10-2

x 10-2

x 10-2

x 10-2

x 10-2

× 10-2

%x/p_V z

-2.086 x 10 -3

-2.299 x 10 -3

-2.517 x 10 -3

-2.777 x 10 -3

-2.880 x 10 -3

-3.I66 x 10 -3

-3.470 x 10-3

-4.001 x 10-3

-4.783 x 10-3

-5.711 x 10-3

-6.568 x 10 -3

-7.925 x 10 -3

-9.424 x 10 -3

-1.062 x 10 -2

-1.266 x 10 -2

-1.429 x 10 -2

-1.542 x 10 -2

-1.569 x 10 -2

-1.520 x 10 -2

-1.206 x 10-2

-7.319 x 10 -3

-1.154 x 10-3

5.101 x 10 -3

1.069 x 10 -2

1.672 x 10 -2

1.905 x 10 -2

2.060 x 10 -2

2.022 x 10 -2

1.895 x 10-2

1.631 x 10-2

1.505 x 10-2

1.278 x 10-2

1.267 x 10 -2

1.219 x 10 -2

1.190 x 10 -2

_-zy/Poc v2 _

1.177x 10-3

1.336x 10-3

1.351x 10-3

1.401x 10-3

1.386x lO-3

1.444 x 10 -3

1.534 × 10-3

1.689 × 10 -3

1.899 × 10 -3

2.131 × 10 -3

2.382 × 10 -3

2.784 × 10 -3

3.386 × 10 -3

4.005 × 10 -3

4.566 × 10 -3

5.830 x 10 -3

6.995 × 10 -3

7.691 x 10-3

8.493 × 10 -3

9.619 × 10-3

1.042 × 10 -2

9.969 x 10-3

8.884 × 10 -3

7.546 x 10 -3

6.148 × 10 -3

3.631 x 10 -3

1.741 × 10 -3

5.965 x 10 -4

-5.806 x 10 -4

-9.685 x 10 -4

-5.812 × 10-4

2.988 x 10 -4

1.158 × 10 -3

1.552 × 10-3

1.688 x 10 -3

9.374 × 10 -4

6t"/p____
2.876 x 10-

2.768 x 10 -3

2.649 × 10 -3

2.608 × 10 -3

2.533 × 10 -3

2.504 x 10-3

2.483 x 10-3

2.544 × 10-3

2.700 x 10-3

2.927 x 10-3

3.209 x 10-3

3.497 x 10-3

3.967 × 10-3

4.491 × 10 -3

4.928 x 10 -3

5.692 x 10 -3

6.675 × 10 -3

7.696 × 10 -3

8.587 x 10 -3

9.573 x 10 -3

1.054 × 10 -2

1.148 x 10 -2

1.142 x 10 -2

1.096 × 10 -2

1.022 x 10-2

8.894 x 10-3

7.861 × 10-3

6.356 x 10-3

4.890 x 10 -3

4.178 × 10 -3

3.231 x 10 -3

2.734 x 10-3

2.264 x 10-3

2.046 × 10-3

1.696 × 10-3

1.463 x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

x/L

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.92OO

O.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

O.980O

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

tinued).

y/L

0.0600

0.0600 5.389

0.0600 4.771

0.06OO 4.095

0.0600 3.611

0.0600 3.175

0.0600 2.714

0.0600 2.447

0.06O0 2.116

0.0600 1.982

0.0600 I 1.742
0.0600 I 1.625

0.0600 1.510

0.0600 1.410

0.0600 I 1.253

0.O600 1.222

0.06O0 1.206

0.0600 1.148

0.0600 1.081

0.0600 1.046

0.O60O 1.010

0.0600 9.842

0.0600 9.663

0.0600 9.157

O.O6O0 8.763

0.O6O0 8.526

0.0600 8.279

0.O600 7.922

0.0600 7.456

0.0667 3.490

0.0667 3.516

0.0667 3.888 x

0.0667 3.945 x

0.0667 4.374 ×

0.0667 4.443 ×

0.0667 4.878 ×

6.054 x 10-'

× 10 -2

× 10 -2

× 10 -2

× 10 -2

× 10 -2

× 10 -2

x 10-2

× 10-2

x 10 -2

x 10-2

x 10 -2

× 10 -2

x l0 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

× 10-2

x 10-2

x 10-3

× 10-3

× 10-3

× 10 -3

× 10 -3

× 10 -3

x 10 -3

× 10 -3

× 10 -2

x 10-2

10-2

10-2

10-2

10-2

10-2

1.168 × 10 -2

1.105 x 10-2

1.058 x 10 -2

9.312 × 10 -3

8.662 × 10-3

7.909 × 10 -3

7.030 × 10-3

6.416 × 10-3

5.720 × 10-3

5.630 x 10-3

4.950 x 10 -3

4.688 × 10 -3

4.252 × l0 -3

4.430 x l0 -3

3.991 × 10 -3

3.794 × 10 -3

3.849 × 10 -3

3.769 × 10-3

3.628 x 10 -3

3.362 x 10-3

3.186 × l0 -3

3.138 x 10-3

2.983 x l0 -3

2.840 x l0 -3

2.675 × 10 -3

2.627 x 10 -3

2.641 × 10 -3

2.491 x 10 -3

2.433 x 10 -3

9.472 × 10-3

9.414 x 10-3

8.507 x 10-3

8.386 x l0 -3

6.594 x 10-3

6.327 x 10-3

3.887 × 10 -3

Vzy/p_V 2

3.733 x 10-4

-2.995 x 10-4

-3.696 × 10 -4

-9.245 x 10 -4

-1.731 x 10-3

-2.126 x 10-3

-2.401 x 10-3

-2.551 x 10 -3

-2.855 x 10-3

-2.476 × 10-3

-2.584 × 10 -3

-2.835 × 10 -3

-2.862 × 10-3

-2.692 × 10 -3

-2.563 × 10 -3

-2.251 × 10 -3

-2.385 × 10 -3

-2.242 x 10 -3

-2.134 x 10 -3

-2.112 × 10 -3

-2.059 × 10-3

-2.138 × 10-3

-2.037 × 10-3

-1.886 × 10-3

-1.731 × 10-3

-1.624 × 10 -3

-1.562 x 10 -3

-1.460 x 10 -3

-1.292 × 10 -3

9.784 × 10-5

7.823 × 10-5

1.954 × 10-4

2.271 × 10 -4

2.236 x 10 -4

2.325 × 10 -4

3.772 × 10 -4

_t"/pocV 3
1.248 x 10-

1.025 × 10 -3

7.710 x 10 -4

6.867 × 10 -4

5.475 x 10 -4

3.776 x 10 -4

2.841 × 10 -4

2.446 × 10 -4

2.162 x 10 -4

2.229 × 10 -4

2.141 × 10 -4

2.449 × 10 -4

1.807 x 10 -4

1.850 × 10 -4

1.725 × 10 -4

6.377 × 10 -5

1.380 x 10 -4

1.636 × 10 -4

1.729 × 10 -4

1.602 x 10 -4

1.497 × 10 -4

2.220 × 10 -4

1.996 × 10 -4

1.660 × 10 -4

1.494 × 10 -4

1.305 x 10 -4

1.372 × 10 -4

1.276 x 10 -4

1.268 × 10 -4

4.583 × 10 -3

4.599 × 10 -3

4.693 x 10 -3

4.705 x 10 -3

4.498 × 10 -3

4.465 x 10 -3

4.117 x 10 -3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
timmd).

x/L
-0.5133

O.52OO

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6O67

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

O.6867

0.6933

0.70001

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

y/L

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

O.O667

0.0667

0.0667

0.0667

0.0667

0.0667

O.O667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667_

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

P/PooV'2_xL

41950 X 1_-2

5.492 x 10-2

5.580 x 10-2

6.104 x 10-2

6.189 x 10-2

6.673 x 10-2

6.756 x 10-2

7.150 x 10-2

7.221 x 10 -2

7.591 x 10 -2

7.691 x 10 -2

7.867 x 10 -2

8.083 x 10 -2

8.112 x 10 -2

8.329 x 10 -2

8.344 x 10 -2

8.525 x 10 -2

8.548 x 10 -2

8.652 x 10 -2

8.724 x 10 -2

8.766 x 10-2

8.974 x 10-2

9.150 x 10-2

9.483 x 10-2

1.001 x 10-1

1.046 x 10-1

1.148 x 10-1

1.285 x 10-1

1.395 x 10-1

1.500 x 10-1

1.645 x 10-1

1.769 x 10-1

1.810 × 10-1

1.794 x 10 -1

1.713 x 10 -1

1.549 × 10 -1

rzx/p_V 2
3.4_ i0--_-

1.867 x lO -3

1.595 × 10 -3

6.290 x 10 -4

4.668 x lO -4

-6.326 x lO-4

-8.212 x 10-4

-1.437 x 10-3

-1.541 x 10-3

-1.930 x 10-3

-2.021 x 10 -3

-2.263 x 10 -3

-2.510 x 10-3

-2.552 x 10 -3

-2.826 x lO -3

-2.864 x 10 -3

-3.453 x 10 -3

-3.636 x lO -3

-4.516 × 10 -3

--5.489 x 10 -3

-6.079 x 10 -3

-7.826 x 10 -3

-8.779 x 10 -3

-1.036 x 10 -2

-1.224 × 10 -2

-1.316 x 10 -2

-1.470 x 10-2

-1.578 x 10 -2

-1.512 x 10-2

-1.318 x 10-2

-9.525 x l0 -3

-4.522 × 10-3

2.331 x 10 -3

7.778 x 10 -3

1.425 x 10 -2

1.920 × 10 -2

8.112 x 10 -4

8.767 x 10 -4

9.694 x 10 -4

9.783 × 10 -4

1.042 x 10 -3

1.058 x 10 -3

1.290 x l0 -3

1.331 x 10 -3

1.380 x 10 -3

1.386 x 10 -3

1.435 × 10 -3

1.452 x 10 -3

1.464 x 10 -3

1.519 x 10 -3

1.534 x 10 -3

1.761 x 10 -3

1.846 × 10 -3

2.183 x 10-3

2.611 x 10-3

2.814 x l0 -3

3.460 x 10-3

4.046 x 10-3

4.872 x 10 -3

6.045 x l0 -3

7.001 x 10-3

7.748 x 10-3

9.000 x 10 -3

1.038 × 10 -2

1.146 x 10 -2

1.122 × 10 -2

1.053 x 10 -2

9.330 x 10 -3

7.920 x l0 -3

5.663 × 10 -3

2.405 × 10 -3

4.0_x 10-

3.965 x 10-3

3.956 x 10-3

3.680 x 10-3

3.638 x 10-3

3.242 x 10-3

3.177 x 10-3

3.016 × 10-3

2.988 x 10-3

2.843 × 10 -3

2.807 x 10 -3

2.713 × 10 -3

2.623 × 10 -3

2.606 x 10 -3

2.472 x 10 -3

2.473 x 10 -3

2.503 x 10 -3

2.569 x 10 -3

2.852 x 10 -3

3.181 × 10 -3

3.366 x 10-3

3.951 x 10-3

4.304 x 10-3

4.877 x 10-3

5.600 x 10-3

6.089 × 10-3

7.049 x 10-3

8.425 x 10-3

9.316 x 10-3

1.005 x 10 -2

1.090 x 10-2

1.154 x 10 -2

1.129 x 10 -2

1.068 x 10 -2

9.529 x 10 -3

7.952 x l0 -3
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x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

.0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

O.9533

0.9600

0.9667

0.9733

0.9800

0.9867

Table A.4: Surface variables on upper plate, fine grid (con-

y/L

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.O667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.O667

0.0667

0.0667

0.0667

0.0667

0.O667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

0.0667

finued).
! • -,f, 61 , .

p/p v 
1.407 × 10"I

1.'279 × 10-1

1.084 × 10-1

9.918 x 10-2

8.957 x 10-2

8.216 x 10-2

7.718 x 10-2

7.192 x 10-2

6.599 x 10-2

6.093 x 10 -2

5.521 x 10 -2

4.945 x 10-2

4.440 × 10-2

3.925 x 10-2

3.342 x 10-2

3.055 x 10 -2

2.805 x 10-2

2.409 × 10-2

2.240 x 10-2

2.033 x 10-2

1.823 × 10-2

1.677 x 10-2

1.634 × 10 -2

1.524 × 10 -2

1.405 × 10 -2

1.288 × 10 -2

1.254 x 10 -2

1.193 x 10-2

1.104 x 10-2

1.066 x 10-2

1.014 x 10-2

1.021 × 10-2

9.633 x 10 -3

9.219 × 10 -3

8.841 × 10 -3

8.439 x 10 -3

Tzx/pooV
X)

2.054 x 10 -2

2.069 × 10 -2

1.906 × 10 -2

1.807 × 10 -2

1.573 x 10 -2

1.376 × l0 -2

1.353 × 10 -2

1.315 × 10 -2

1.253 x 10 -2

1.188 × 10-2

1.185 x 10-2

1.140 x 10-2

1.127 × l0 -2

1.038 x 10-2

9.293 × 10-3

8.544 x 10 -3

8.071 × 10 -3

6.896 x 10 -3

6.785 × 10 -3

6.151 x 10 -3

6.147 x 10 -3

5.627 × 10 -3

5.756 x l0 -3

5.199 × 10-3

5.207 x l0 -3

4.498 × 10-3

4.314 × 10-3

4.191 x 10 -3

3.726 × 10-3

3.627 × 10 -3

3.148 x 10 -3

3.356 x l0 -3

3.081 x l0 -3

2.856 x 10-3

2.915 x 10-3

2.848 × l0 -3

Tzy/p_)V_
8.742 x 10 -4

1.105 × 10 -4

-5.401 × 10 -4

-5.719 × 10 -4

-5.316 x 10 -4

3.143 x 10 -4

6.164 x 10 -4

1.209 x 10 -3

5.809 x 10 -4

4.830 x 10-4

4.346 x 10-4

-5.587 x 10 -5

-7.146 x 10 -4

-1.399 x 10 -3

-1.507 × 10-3

-2.361 × 10 -3

-2.699 × 10-3

-2.510 x 10-3

-2.681 x 10-3

-3.044 x 10-3

-2.892 x 10-3

-2.766 x 10-3

-2.690 x 10-3

-2.613 x 10 -3

-2.706 x 10 -3

-2.467 x 10-3

-2.381 x 10-3

-2.373 x 10 -3

-2.282 x 10 -3

-2.210 x 10-3

-2.085 x 10-3

-2.071 x 10-3

-1.984 x 10-3

-1.816 x 10 -3

-1.825 x 10 -3

-1.739 x 10 -3

ct" / poc V_

6.657 x 10 -3

5.663 x 10 -3

4.268 x 10 -3

3.594 x 10 -3

3.003 x 10 -3

2.430 × 10 -3

2.123 × 10 -3

1.841 x 10 -3

1.532 x 10 -3

1.404 x 10 -3

1.170 x 10 -3

9.834 × 10 -4

8.518 × 10-4

7.102 × 10-4

5.240 × 10-4

4.973 × 10-4

3.283 x 10-4

2.639 × 10-4

3.402 x 10-4

1.746 x 10-4

3.249 x 10-4

2.859 x 10-4

3.047 x 10-4

2.350 x 10-4

2.426 x 10 -4

2.223 × 10 -4

2.004 × 10 -4

2.345 x 10-4

1.318 x 10-4

1.470 x 10-4

2.325 x 10 -4

2.141 x lO-4

1.865 x lO -4

1.712 x 10 -4

1.667 x 10 -4

1.596 x lO -4
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TableA.4: Surface variables on upper plate, fine grid (con-

tinued).

Iix]L_ y/L p/pooV_

II 0.9933 [0.0667 8.037 x 10-

1.0000 ]0.0667

0.4667]0.0733

0.4733 I 0.0733

0.4800 I 0.0733

0.48671 0.0733

0.4933 0.0733
0.5000 0.0733

0.5067 ! 0.0733

0.5133 [0.0733

0.520010.0733
0.5267 I 0.0733

0.5333 I 0.0733

0.5400 I 0.0733

0.5467 t 0.0733

0.5533 I 0.0733

0.5600 [ 0.0733
0.566710.0733

i

0.5733 10.0733

0.5800 t 0.0733

0.5867 0.0733

0.5933 0.0733
0.6000 I 0.0733

0.6067 I 0.0733

0.6133 10.0733

0.6200 0.0733

0.6267 0.0733

0.6333 0.0733

0.6400 0.0733

0.6467 10.0733

0.6533[0.0733

0.6600 0.0733

0.6667 0.0733
0.6733 10.0733

0.6800 0.0733
0.6867 0.0733

8.027x 10-3

3.399 x I0-2

3.623x 10-2

3.755x 10-2

4.045x 10-2

4.197x lO-2

4.526x 10-2

4.684x 10-2

5.048 x 10 -2

5.228 x 10 -2

5.676 x 10 -2

5.876 x 10-2

6.265 x 10-2

6.438 x 10-2

6.781 x 10 -2

6.918 x 10-2

7.254 x 10.2

7.389 x 10-2

7.676 x 10 .2

7.829 x 10 -2

7.999 x 10 -2

8.146 x 10 -2

8.219 x 10 -2

8.387 x 10 .2

8.440 x 10 -2

8.562 x 10 -2

8.597 x 10 -2

8.692 x 10-2

8.805 x 10-2

8.849 x 10.2

9.102 x 10.2

9.434 x 10-2

9.813 x 10-2

1.064 x 10-1

1.117 x 10-1

 zx/p v 
2.602 × 10 -3

2.873 x 10 -3

9.528 x l0 -3

9.110 × l0 -3

8.793 x 10 -3

8.066 x 10-3

7.600 x 10 -3

6.061 x 10 -3

5.346 × 10-3

3.298 x 10-3

2.560 x 10-3

1.47.1 x 10-3

1.050 x 10-3

2.646 x 10-4

-1.070 x 10 -4

-8.643 × 10 -4

-1.140 × 10 -3

-1.636 × 10 -3

-1.848 × 10 -3

-2.098 x 10 -3

-2.334 x 10 -3

-2.462 × 10-3

-2.659 x 10 -3

-2.752 × 10-3

-2.975 x 10-3

-3.128 x l0 -3

-3.716 x l0 -3

-4.033 x 10-3

-4.862 x 10-3

-6.238 x 10-3

-6.700 × 10-3

-8.558 x 10-3

-1.003 x 10 -2

-1.131 × l0 -2

-1.318 x 10-2

-1.391 x 10 -2

-1.540 x 10 -3_-

-1.656 x 10 -3

-2.164 x 10 -5

2.500 x 10 -5

1.954 x 10-5

1.716 x 10-4

2.015 x 10-4

3.728 x 10-4

4.835 x 10 -4

6.224 x 10-4

7.802 x 10-4

9.928 x 10 -4

1.099 x 10-3

1.003 x 10-3

1.002 x 10-3

1.216 x 10-3

1.344 x 10-3

1.457 x 10-3

1.544 x 10-3

1.503 x 10-3

1.586 x 10-3

1.542 x 10-3

1.682 x 10-3

1.701 x 10-3

1.751 x 10-3

1.817 x 10-3

2.130 x 10-3

2.266 x 10-3

2.752 x 10-3

3.357 x l0 -3

3.600 x 10 -3

4.215 x 10 -3

5.179 x 10 -3

6.406 x 10 -3

7.945 x 10 -3

8.644 x 10 -3

_"/p__
1.389 x 10-

1.762 x 10 -4

4.523 × 10 -3

4.682 x 10 -3

4.756 x 10 -3

4.768 x 10 -3

4.770 × 10 -3

4.439 × 10 -3

4.312 x 10 -3

4.003 x 10 -3

9.888 x 10 -3

3.839 x 10 -3

:3.755 x 10-3

3.523 x 10 -3

3.388 x 10 -3

3.166 x 10 -3

3.086 x 10 -3

2.953 x 10 -3

2.891 x 10-3

2.790 x 10-3

2.715 x 10-3

2.649 x 10-3

2.581 x 10-3

2.543 x 10-3

2.490 x 10-3

2.505 x 10-3

2.681 x 10 -3

2.776 x 10 -3

3.062 x 10 -3

3.514 x 10 -3

3.673 x 10 -3

4.248 x 10 -3

4.808 × 10 -3

5.341 x 10 -3

6.257 x 10 -3

6.813 x 10 -3
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x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.84OO

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

O.900O

0.9067

0.9133

0.9200

0.9267
____J

Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

y/L

0.0733

0.0733 1.362

O.O733 1.486

0.0733 1.597

0.0733 1.722

0.0733 1.797

0.0733 1.770

0.0733 1.713

0.O733 1.600

0.0733 1.435

0.0733 1.279

0.0733 1.157

0.0733 1.042

0.0733 9.117

O.O733 8.329

00733 7.637

0.0733 7.120

0.0733 6.563

0.0733 6.181

0.0733 5.647

0.0733 5.036

O.O733 4.632

0.0733 4.067

0.0733 3.665

0.0733 3.255

O.O733 3.046

0.0733 2.767

0.0733 2.455

0.0733 2.286

0.0733 2.073

0.0733 1.844

0.0733 1.718

0.0733 1.645

0.0733 1.613

0.0733 11.486

0.0733 I 1.428

p/pocV2^

1.207 × 1_

× 10 -1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10 -1

x 10 -1

x 10-I

x 10 -1

x 10-!

x 10 -I

x 10 -2

x 10 -2

x l0 -2

x l0 -2

x l0 -2

× 10-2

x 10 -2

x 10-2

x 10-2

x 10 -2

x 10 -2

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

× 10-2

x l0 -2

× 10 -2

x 10 -2

× 10 -2

x 10 -2

%x/pooV 2

;i481 x 10-_

-1.465 x 10 -2

-1.265 x 10 -2

-1.015 x 10 -2

-4.904 x 10-3

2.405 x 10 -3

8.079 x 10 -3

1.340 x 10 -2

1.800 x 10 -2

1.993 × 10 -2

2.049 × 10-2

2.037 × 10-2

1.890 x 10-2

1.694 x 10-2

1.556 x 10-2

1.463 x 10-2

1.347 x 10 -2

i.274 x 10 -2

1.229 x 10 .2

1.139 x 10 .2

1.182 x 10 -2

1.228 x 10 -2

1.089 x 10 -2

1.033 x 10-2

8.709 x 10.3

8.880 x 10-3

8.567 × 10-3

7.715 × 10 -3

7.700 x 10 -3

7.099 x 10 -3

6.515 X 10 -3

6.198 × 10 -3

5.727 x 10 -3

5.811 x 10 -3

5.251 x 10-3

5.232 × l0 -3

7-zy/poeV L

9.575 x 10 -3

1.130 x 10 -2

1.215 x 10-2

1.238 x 10 -2

1.217 x 10 -2

1.025 x 10 -2

8.635 x 10 -3

6.685 x 10 -3

4.289 x 10 -3

2.149 x 10 -3

6.491 x 10 -4

-9.764 x 10 -5

-4.049 x 10 -4

-8.877 x 10 -4

=1.147 x 10 -4

-4.709 x 10 -4

4.530 x 10-4

5.465 x 10-4

5.886 x 10-4

-2.009 x 10 -4

-4.162 x 10-4

-3.260 x 10-4

-1.116 x 10 -3

-1.548 x 10 -3

-1.969 x 10 -3

-2.307 x 10 -3

-2.370 x 10 -3

-2.241 x 10 -3

-2.573 x 10-3

-2.756 x 10-3

-3.065 x 10-3

-2.642 x 10-3

-3.000 x 10-3

-3.141 x 10 -3

-2.778 x 10 -3

-2.679 x 10 -3

q" /Pcc V3_3
7.730 X 10-

9.136 X 10-3

9.942 x 10-3

1.057 x 10-2

1.121 X 10-2

1.123 x 10 -2

1.062 X 10-2

9.793 X 10 -3

8.532 X 10 -3

7.036 x 10 -3

5.775 x 10 -3

4.890 X 10 -3

4.002 × 10 -3

3.081 × 10 -3

2.605 × 10 -3

2.285 × 10 -3

2.137 X 10-3

1.814 × 10-3

1.661 x 10-3

1.367 × 10-3

1.144 × 10-3

1.045 x 10-3

9.058 X 10-4

9.381 x 10 -4

6.856 X 10 -4

6.524 X 10 -4

6.311 X 10-4

4.291 × 10-4

4.313 x 10-4

4.307 x 10-4

4.075 x 10 -4

4.543 x 10-4

3.613 x 10 -4

3.473 x 10-4

3.469 x 10 -4

3.264 × 10 -4
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TableA.4: Surfacevariablesonupperplate,finegrid (con-

x/L y/L

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.53331

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

tinued).

P/Poo%
o.o733 1.336x10-'

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733

0.0733.

0.0800

028001

0.0800

0.0800

0.0800

0.0800

O.080O

O.080O

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.08O0

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

1.208 x 10-2

1.169 x 10-2

1.127 x 10-2

1.100 x 10-2

1.034 x 10.2

9.568 x 10 -3

9.157 x 10 -3

8.724 x 10 -3

8.430 x 10 -3

8.038 x 10 -3

3.379 x 10 -2

3.661 x 10 -2

3.733 x 10-2

4.080 x 10-2

4.168 x 10-2

4.559 x l0 -2

4.651 x 10-2

5.083 x l0 -2

5.184 x 10-2

5.711 x 10 -2

5.840 x 10 -2

6.289 x 10 -2

6.403 x 10 -2

6.781 x 10 -2

6.880 x 10 -2

7.257 x 10 -2

7.361 x 10 -2

7.649 x l0 -2

7.824 x 10-2

7.902 x 10 -2

8.149 x 10 -2

8.17l x 10 -2

8.375 x 10 -2

8.418 x l0 -2

8.535 x 10 -2

4.221 x 10-3

4.146 x 10-3

3.806 x 10-3

3.584 x 10-3

3.339 x 10-3

3.240 x 10-3

3.175 x 10 -3

3.038 x 10 -3

3.044 x 10 -3

2.931 x 10-3

9.541 x 10-3

9.030 x 10-3

8.847 x 10-3

7.991 x 10-3

7.779 x 10-3

6.022 x 10-3

5.592 x 10-3

3.212 x 10-3

2.655 x 10 -3

1.416 x 10 -3

1.118 x 10 -3

2.022 x 10 -4

-2.909 x 10 -5

-8.717 x lO -4

-1.095 x 10 -3

-1.671 x 10-3

-1.839 x 10 -3

-2.134 x 10-3

-2.341 x 10-3

-2.405 x 10-3

-2.682 x 10-3

-2.710 x l0 -3

-2.964 x l0 -3

-3.060 x 10-3

-3.637 x 10-3

-2.635 x 10 -3

-2.489 x 10 -3

-2.342 x 10 -3

-2.255 x 10-3

-2.016 x 10-3

-1.941 x 10-3

-1.923 x 10-3

-1.841 x 10-3

-1.782 x 10 -3

-1.625 x 10 -3

-5.111 x 10 -5

-3.364 x 10 -7

-1.095 x 10 -5

1.575 x 10 -4

1.916 x 10 -4

4.488 x l0 -4

5.006 x l0 -4

7.159 x l0 -4

7.815 x 10-4

1.056 x 10 -3

1.129 x 10 -3

1.018 x 10 -3

9.885 x 10 -4

1.307 x 10 -3

1.361 x 10 -3

1.549 x l0 -3

1.573 x l0 -3

1.646 x 10 -3

1.601 x 10 -3

1.715 x 10-3

1.774 x 10 -3

1.781 x 10 -3

1.849 x 10 -3

1.874 x 10 -3

2.202 x l0 -3

_"/P__
3.051 x 10-

2.451 x 10-4

2.111 x 10-4

2.239 x 10-4

2.303 x 10-4

2.212 x 10-4

1.947 x 10-4

1.907 x 10-4

1.765 x 10-4

1.726 x 10 -4

1.788 x 10 -4

4.508 x 10 -3

4.731 x 10 -3

4.773 x 10 -3

4.823 x 10 -3

4.825 x 10-3

4.447 x 10-3

4.345 x 10-3

3.966 x 10-3

3.873 x 10-3

3.795 x 10-3

3.769 x 10-3

3.480 x 10 -3

3.407 x 10 -3

3.158 x 10 -3

3.096 x 10 -3

2.937 x 10 -3

2.897 x 10 -3

2.784 x 10 -3

2.715 x 10-3

2.675 x 10-3

2.576 x 10-3

2.567 x 10-3

2.495 x 10-3

2.507 x 10-3

2.675 x 10 -3



x/L
0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

O.68OO

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

O.78OO

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0800

0.0800

O.O8OO

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

0.0800

p/pccV 2

8.571 x 10 -2

8.654 × 10-2

8.696 x 10-2

8.867 x 10-2

8.930 x 10-2

9.239 x l0 -2

9.687 x 10-2

1.007 x 10 -1

1.111 x 10 -1

1.200 x 10 -1

1.306 x 10 -1

1.455 x 10 -1

1.559 x 10-1

1.673 x 10-1

1.754 x 10-1

1.783 x 10-1

1.765 x l0 -1

1.680 x 10-1

1.542 x 10-1

1.388 x 10-1

1.208 x 10-1

1.042 x 10 -1

9.395 x 10-2

8.533 x 10 -2

7.684 × 10 -2

7.233 × 10 -2

6.655 x 10 -2

6.215 x 10 -2

5.690 x 10 -2

5.233 x 10 -2

4.725 x 10 -2

4.250 x 10 -2

3.903 × 10 -2

3.548 x 10 -2

3.171 x l0 -2

2.906 × l0 -2

Tzx/P_V_

-4.018 x 10 -3

-4.735 x 10 -3

-5.416 x 10-3

-7.126 x 10-3

-7.604 x 10-3

-9.156 x 10-3

-1.082 x 10-2

-1.219 x l0 -2

-1.355 x l0 -2

-1.410 x 10-2

-1.402 x 10 -2

-1.267 x !0 -2

-1.010 x 10 -2

-6.379 x 10 -3

-1.503 × 10 -3

4.596 × 10 -3

1.012 x 10 -2

1.563 x 10 -2

1.9½7 x l0 -2

2.080 x 10-2

2.084 x l0 -2

1.923 x l0 -2

1.767 x 10-2

1.647 x 10-2

1.510 x 10-2

1.402 x 10-2

1.331 × 10-2

1.279 × 10-2

1.184 x 10-2

1.216 x 10-2

1.250 × 10-2

1.135 x 10-2

1.113 x 10-2

1.063 x 10-2

9.532 × 10-3

9.354 x 10-3

2.480 x 10 -3

2.830 x 10 -3

3.307 x 10 -3

4.099 x 10 -3

4.358 x 10 -3

5.081 x 10 -3

6.470 x 10 -3

7.785 x 10 -3

9.487 x 10 -3

1.024 x 10 -2

1.153 x 10 -2

1.293 x 10 -2

1.314 x 10 -2

1.310 x 10 -2

1.263 x 10 -2

1.068 x 10 -2

8.647 x 10 -3

5.930 x 10-3

3.849 x 10 -3

2.071 x 10 -3

2.228 x 10 -4

-1.057 x 10 -3

-1.141 x 10 -3

-9.331 x 10 -4

-7.858 x 10 -4

-3.632 x 10 -4

-4.832 x 10 -5

1.226 x 10 -4

5.219 x 10 -5

1.069 x 10 -5

-5.533 x 10 -4

-1.038 x 10 -3

-1.437 x 10 -3

-1.443 x 10 -3

-2.280 × 10 -3

-2.187 x 10 -3

(:t" /pccV_

2.792x 10-3

3.031x 10-3

3.287x 10-3

3.821x 10-3

3.983x 10-3

4.560 x 10-3

5.207x 10-3

5.861x 10-3

6.862x 10-3

7.649x 10-3

8.508x lO-3

9.557x 10-3

1.034x 10-2

1.099x 10-2

1.134x 10-2

1.122x 10-2

1.051x 10-2

9.416x 10-3

8.148x 10-3

6.770x 10-3

5.273x 10-3

4.093x lO-3

3.459x 10-3

2.898x 10-3

2.412x 10-3

2.174x 10-3

1.902x lO-3

1.766× lO-3

1.445× 10-3

1.347x 10-3

1.366x 10-3

1.055× 10-3

1.032x 10-3

9.259x 10-4

8.166× 10-4

7.644x 10-4



x/L

0.8733

0.8800

0.8867

O.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.0800

0.0800 2.408

0.0800 2.199

0.0800 2.045

O.0800 1.885

0.0800 1.772

0.0800 1.746

0.O800 1.699

0.0800 1.540

0.0800 1.434

0.0800 1.328

0.0800 1.241

0.0800 1.215

0.0800 1.175

0.0800 1.083

O.O80O 1.046

0.0800 9.782

0.0800 9.213

O.O8OO 8.526

0.O800 7.965

0.0867 3.462

0.0867 3.515

0.0867 3.817

0.0867 3.887

0.0867 4.296

0.O867 4.392

0.0867 4.801

0.0867 4.902

0.0867 5.337

O.O867 5.442

0.0867 5.943

O.O867 6.054

0.0867 6.465

0.0867 6.553

0.0867 6.954

0.086717.044

2.623 x 10 -2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-3

x 10-3

x 10-3

x 10-3

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x i0 -2

x i0 -2

x 10 -2

x 10 -2

x 10 -2

× lO-2

x 10 -2

x 10-2

Tzx/P_V2_

8.175 x 10 -3

8.111 × 10-3

7.606 x 10 -3

7.661 x 10-3

6.777 x 10-3

6.365 × 10-3

6.033 × 10-3

5.835 x 10-3

5.411 x 10-3

5.194 x 10-3

4.595 × 10-3

4.251 × 10-3

3.987 × 10-3

3.798 x 10-3

3.752 x 10-3

3.680 x 10-3

3.475 x 10-3

3.368 × 10-3

3.135 x 10 -3

3.015 × 10 -3

9.719 x 10 -3

9.645 x 10 -3

8.608 x 10 -3

8.371 x 10 -3

7.317 x 10 -3

7.044 × 10 -3

4.824 x 10-3

4.308 × 10-3

2.355 x 10-3

1.938 x i0 -3

8.962 × 10-4

6.552 × 10-4

-1.588 x lO -4

-3.396 × lO -4

-1.172 x lO -3

-1.347 x lO -3

-2.121 x 10-_--

-2.588 x 10-3

-2.780 x 10-3

-3.203 x lO-3

-2.943 x lO-3

-2.999 x lO -3

-3.029 x 10-3

-3.318 x 10-3

-2.903 x 10 -3

-2.768 x lO-3

-2.674 x 10 -3

-2.493 x 10 -3

-2.440 x 10 -3

-2.385 x 10 -3

-2.180 x 10 -3

-2.131 x 10 -3

-2.037 x 10 -3

- 1.954 x 10 -3

-1.836 x 10-3

-1.491 x 10-3

8.262 x 10 -5

1.152 x 10 -4

6.214 x 10 -5

6.027 x 10 -5

3.716 x 10 -4

4.477 x 10 -4

5.427 x 10 -4

5.590 x lO -4

8.501 x 10 -4

9.041 x 10 -4

1.077 x 10 -3

1.102 x 10 -3

1.272 x 10 -3

1.337 x 10 -3

1.571 x 10 -3

1.647 x 10 -3

q /Poo_ 1o-
5.751 x 10-4

5.912 × 10-4

5.560 × 10-4

5.484 × 10-4

4.368 x 10-4

3.425 x 10-4

3.920 × 10-4

4.320 x 10-4

3.888 x 10-4

3.059 × 10-4

2.743 x 10-4

2.677 × 10-4

2.465 x 10-4

2.085 x 10-4

2.142 x 10-4

2.086 × 10-4

1.983 × 10 -4

1.756 x 10 -4

1.808 × 10 -4

4.659 x 10 -3

4.722 x 10 -3

4.856 x 10 -3

4.895 x 10 -3

4.778 x 10 -3

4.752 x 10 -3

4.235 x 10-3

4.129 x 10-3

3.876 × 10-3

3.829 × 10-3

3.669 x 10-3

3.623 × 10-3

3.350 x 10-3

3.286 x 10-3

3.044 × 10-3

2.988 x 10-3
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I X/L

':0.5733

0.5800

0.5867

0.5933

0.6000
10.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800i

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

y/L P/p_V2 '2
0.0867 7.405 x 10-

0.0867 7.516

0.0867 7.704

0.0867 7.894

0.0867 7.929

0.0867 8.178

0.0867 8.203

0.0867 8.41t

0.0867 8.432

0.0867 8.553

0.0867 8.574

0.0867 8.682

0.0867 8.763

0.0867 8.946

0.0867 9.090

0.0867 9.417

0.0867 9.920

0.O867 1.044

0.0867 1.162

0.0867 1.253

0.0867 1.400

0.0867 1.498

0.0867 1.634

0.0867 1.721

0.O867 1.766

0.0867 1.744

0.0867 1.657

0.0867 1.530

O.O867 1.381

0.0867 1.246

0.0867 1.116

O.0867 1.011

0.0867 8.834

0.0867 7.954

0.0867 7.382

0.0867 6.655

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

× 10 -2

x i0-I

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10-1

× 10-1

x 10 -1

x 10-1

x 10-2

x 10-2

x 10-2

x 10-2

rzx/p_V 2

- 1.836 x 10 -3

-1.974 x 10 -3

-2.180 x 10 -3

-2.361 x 10 -3

-2.401 x 10 -3

-2.706 x 10 -3

-2.741 x 10-3

-3.227 x 10 -3

-3.286 x 10 -3

-4.137 x 10-3

-4.312 x 10-3

-5.315 x 10 -3

-6.144 x 10-3

-7.700 x 10-3

-8.362 x 10-3

-9.839 x 10-3

-1.131 x 10 -2

-1.209 x 10 -2

-1.356 x 10-2

-1.369 x 10-2

-1.272 x 10-2

-1.069 x 10-2

-6.438 × 10-3

-1.367 × 10-3

4.161 x 10-3

1.087 × 10 -2

1.531 x 10.2

1.859 x 10 -2

2.063 x 10 -2

2.096 x 10 .2

2.037 x 10 .2

1.912 x 10 -2

1.704 x 10 -2

1.623 x 10-2

1.490 x 10.2

1.360 x 10-2

rzy/pccV 2
1.788× 10
1.884 x 10 -3

1.833 x 10 -3

2.019 x 10-3

2.021 × 10 -3

2.107 × 10 -3

2.158 × 10 -3

2.310 × 10 -3

2.345 x 10 -3

2.757 x 10 -3

2.911 x 10 -3

3.350 × 10-3

4.063 x 10 -3

4.957 x 10 -3

5.348 x 10 -3

6.148 x 10 -3

7.626 x 10 -3

8.929 × 10 -3

1.034 x 10 -2

1.153 × 10 -2

1.289 × 10 -2

1.343 x 10 -2

1.363 x 10 -2

1.319 x 10 -2

1.153 x 10 -2

9.139 × 10 -3

7.055 x 10-3

4.528 x 10 -3

2.311 x 10 -3

2.915 x 10 -4

-8.663 x 10 -4

-1.077 x 10 -3

-1.213 × 10 -3

-1.861 x 10 -3

-1.590 x 10 -3

-9.567 x 10 -4

il" / P__ Vf__
2.872 x 10-

2.833 × 10 -3

2.753 x 10-3

2.648 x 10-3

2.632 × 10-3

2.505 x 10 -3

2.489 x 10-3

2.602 × 10 -3

2.617 x 10 -3

2.838 x 10 -3

2.912 x 10-3

3.262 x 10-3

3.528 x 10-3

4.087 x 10-3

4.334 x 10-3

4.871 x 10-3

5.604 x 10 -3

6.228 x 10 -3

7.249 x 10 -3

8.038 x 10 -3

9.247 x 10 -3

9.963 x 10 -3

1.078 x 10 -2

1.111 x 10 -2

1.107 x 10 -2

1.038 × 10 -2

9.450 x 10-3

8.154 x 10 -3

6.872 x 10 -3

5.638 x 10 -3

4.730 x 10-3

4.010 x 10 -3

3.093 × 10 -3

2.740 x 10 -3

2.433 x 10 -3

2.017 x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

x/i
0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

• tinimd).

_2

io-0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.0867

0.08671

0.0933

0.0933

0.0933

O.O933

0.0933

0.0933

0.0933

5.792 × 10-2

5.208 x 10-2

4.846 × 10-2

4.515 × 10-2

4.005 x 10 -2

3.651 x 10 -2

3.241 x 10-2

2.834 x 10 -2

2.802 x 10-2

2.541 x 10 -2

2.277 x 10 -2

2.181 x 10 -2

2.122 x 10-2

1.927 × 10 -2

1.825 x 10 -2

1.707 x 10 -2

1.590 x 10-2

1.556 x 10-2

1.437 x 10 -2

1.274 x 10 -2

1.274 x 10 -2

1.275 x 10 -2

1.176 x 10 -2

1.088 x 10 -2

1.042 x 10 -2

9.601 x 10 -3

9.260 x 10 -3

9.263 x 10 -3

3.430 x 10-2

3.524 x 10-2

3.763 x 10-2

3.902 × lO-2

4.233 x 10-2

4.404 × 10-2

4.735 x 10-2

2 .....

_-zx/p_V_____
1.393 x 10 -_

1.257 x 10 -2

1.243 x 10 -2

1.225 x 10 -2

1.183 x 10 -2

1.130 x 10 -2

1.061 x 10 -2

1.009 x 10 -2

9.284 x 10 -3

9.489 x 10 -3

8.855 x 10 -3

8.029 x 10 -3

7.849 x 10 -3

8.002 x 10 -3

6.915 x 10 -3

6.385 x 10 -3

6.148 × 10 -3

5.693 x 10 -3

5.456 x 10 -3

4.984 x 10-3

4.440 x 10 -3

4.334 × 10 -3

4.350 × 10 -3

4.125 x 10-3

3.831 x 10-3

3.733 × 10-3

3.580 x 10-3

3.521 x 10-3

3.553 x 10-3

9.875 x 10-3

9.621 × 10-3

8.830 x 10-3

8.367 x 10-3

7.534 x 10-3

6.942 × 10-3

5.141 x 10-3

 zy/p v 
-1.046 x 10-3

-9.734 x 10 -4

-7.411 x 10-4

-7.131 x 10-4

-1.008 x 10-3

-1.441 x 10-3

-1.678 x 10-3

-2.308 x 10-3

-1.991 × 10-3

-2.406 x 10 -3

-2.403 x 10-3

-2.881 x 10-3

-3.492 x 10-3

-3.245 × 10-3

-3.147 x 10-3

-3.138 x 10-3

-3.322 x 10-3

-2.716 x lO-3

-2.736 x 10 -3

-2.805 x 10 -3

-2.538 × 10 -3

-2.523 x 10 -3

-2.612 x 10 -3

-2.517 x 10 -3

-2.254 x 10 -3

-2.141 x 10 -3

-2.023 x 10 -3

-1.938 x 10 -3

-1.948 x 10 -3

9.170 x 10 -5

1.204 × 10 -4

1.104 x 10 -4

1.063 x 10 -4

3.965 x 10 -4

4.787 x 10 -4

6.197 x 10 -4

q Ip_voo
1.854 × 10 -3

1.643 x 10 -3

1.470 × 10 -3

1.393 x 10 -3

1.272 x 10 -3

1.065 × 10 -3

1.004 x 10 -3

8.263 x 10 -4

7.739 x 10 -4

8.864 x 10 -4

7.483 x 10 -4

7.226 x 10 -4

7.082 x 10 -4

6.552 x 10 -4

5.657 x 10 -4

3.987 x 10 -4

4.091 x 10 -4

4.138 x 10 -4

3.673 × 10 -4

3.515 x 10-4

3.464 x 10 -4

3.326 x 10 -4

3.083 x 10 -4

2.670 x 10-4

2.406 × 10-4

2.318 x 10-4

2.134 x 10-4

1.988 x 10-4

1.941 x lO-4

4.629 × 10-3

4.721 x 10-3

4.830 x 10-3

4.885 x 10-3

4.795 x 10-3

4.713 x 10-3

4.279 x 10-3
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x/L
0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0,6533

0.6600

0.6667

0,6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

O.7333

0.7400

0.7467

Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

y/L

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

0.0933

,0.0933

010933

0.0933
i

0.0933

0.0933

0.0933

P/PooV_

4.914 x 10-

5.265 x 10 -2

5.458 x 10 -2

5.858 × 10 -2

6.061 x 10-2

6.386 × 10-2

6.559 x 10-2

6.871 x 10-2

7.047 x 10-2

7.326 x 10-2

7.512 x 10 -2

7.651 x 10 -2

7.877 x 10 -2

7.926 x 10-2

8.101 x lO -2

8.205 x 10 -2

8.276 x 10-2

8.430 x 10-2

8.459 x 10-2

8.569 x 10 -2

8.594 x 10 -2

8,734 x lO -2

8.797 x 10 -2

9.090 x 10-2

9.318 x 10 -2

9.773 x 10-2

1.018 x 10-1

1.087 x 10 -1

1.205 × 10-1

1.283 x 10-1

1.404 × 10-1

1.532 × 10-1

1.649 x 10 -1

1.726 × 10 -1

1.728 × 10 -1

1.687 x 10 -1

rzx/Po_V_

4.246 x I0-3

2.664 x 10-3

1.952× 10-3

1.138x 10-3

6.702x 10-4

5.475 x 10 -5

-3.476 x 10-4

-1.003 x 10 -3

-1.348 × 10 -3

-1.747 x 10 -3

-1.967 x 10 -3

-2.098 x 10 -3

-2.338 x 10 -3

-2,381 × 10-3

-2,579 x 10 -3

-2,755 x 10-3

-2.931 x 10-3

-3.404 x 10 -3

-3.539 x 10-3

-4.207 x lO -3

-4,485 x 10 -3

-5.903 x 10 -3

-6.826 x 10-3

-8.171 x 10-3

-9.122 x 10 -3

-1.068 × 10-2

-1,143 x 10-2

-1.250 × lO-2

-1.330 x 10-2

-1.297 x 10 -2

-1.181 × lO -2

-8.282 x lO -3

-4.097 × 10-3

1.467 x 10 -3

7.361 x 10 -3

1.255 x 10 -2

"rzy/pooV 2

6.089 × 10-4

8.809 x 10-4

9.279 x 10-4

1.091 x 10-3

1.137 x 10-3

1.339 × 10-3

1.379 x 10 -3

1.618 × 10 -3

1.672 × 10 -3

1.838 × 10 -3

1.900 × 10 -3

2.052 x 10 -3

2.048 x 10 -3

2.083 x 10-3

2.201 x 10 -3

2.262 x 10 -3

2.515 × 10-3

2.696 x 10 -3

2.850 × 10 -3

3.370 × 10 -3

3.499 x 10 -3

4.083 × 10 -3

4.836 x 10 -3

5.815 x 10 -3

6.423 × 10 -3

7.634 × 10-3

8.722 × 10-3

9.996 × 10-3

1.161 × 10-2

1.279 x 10 -2

1.404 x 10 -2

1.543 x 10 -2

1.470 x 10 -2

1.382 × 10 -2

1.182 x 10-2

9.102 x 10-3

_l"/pooV 3

4.113 x 10-3

3.885x 10-3

3.823x 10-3

3.697x 10-3

3.619x 10-3

3.416x 10-3

3.283x 10-3

3.084x 10-3

2.989x 10-3

2.896x 10-3

2.834x 10-3

2.770x 10-3

2.653x 10-3

2.618 x 10-3

2.521 x 10-3

2.511 x 10-3

2.570 x lO-3

2.683× 10-3

2.729x 10-3

2.975× 10-3

3.052x 10-3

3.451× lO-3

3.733x 10-3

4.351 × 10-3

4.737 x 10-3

5.429 x 10-3

5.951 x 10-3

6.709 x lO-3

7.677 x 10-3

8.368 x 10 -3

9.294 x 10 -3

1,018 x 10 -2

1,086 x 10-2

1.111 x 10-2

1.071 x 10-2

9.854 x 10-3
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e

p,

x/L

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

O.86OO

0.8667

0.8733

0.8800

0.8867

0.8933

0.9OOO

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L
0.0933

0.0933 1.473

0.0933 1.341

0.0933 1.183

0.0933 1.033

0.0933 9.185

0.0933 8.318

0.0933 7.502

0.0933 6.939

0.0933 6.333

O.O933 5.890

0.0933 5.186

O.O933 5.027

O.O933 4.55O

0.0933 4.168

0.0933 3.917

0.0933 3.525

0.0933 3.091

0.0933 2.996

O.0933 2.639

0.0933 2.473

O.O933 2.400

0.0933 2.207

0.0933 1.971

O.O933 1.836

0.0933 1.786

0.0933 1.699

0.0933 1.625

0.0933 1.542

0.0933 1.426

0.0933 1.350

0.0933 1.311

O.O933 1.264

0.0933 1.148

0.0933 1.079

0.O933 1.030

2
P / PooVcc _

1.584 x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x l0 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10-2

x l0 -2

x l0 -2

x l0 -2

x 10-2

x l0 -2

x 10-2

x 10-2

x 10-2

x l0 -2

x l0 -2

x 10-2

%x/pocVL

1.641 x 10-2

1.944 x 10-2

2.078 x 10-2

2.062 x 10-2

1.963 x 10-2

1.790 x 10-2

1.691 x 10.2

1.564 x 10.2

1.455 x 10.2

1.373 x 10-2

1.298 x 10-2

1.274 x 10-2

1.313 x 10-2

1.210 x 10-2

1.115 x 10-2

1.069 x 10-2

1.025 x 10-2

9.865 x 10-3

1.000 x 10-2

9.159 x 10 -3

9.181 x 10 -3

8.727 x 10 -3

8.011 x 10 -3

6.879 x 10 -3

6.452 x 10 -3

6.527 x 10 -3

6.335 x 10 -3

5.907 x 10 -3

5.384 x 10 -3

5.078 x 10 -3

4.775 x 10 -3

4.575 x 10 -3

4.371 x 10 -3

3.912 x 10 -3

3.835 x 10-3

3.919 x 10-3

"rzy/Pc_V L

6.379 x 10-3

3.788 x 10-3

1.686 x 10-3

-9.138 x 10 -5

-1.339 x 10 -3

-1.648 x 10-3

-1.846 x 10-3

-2.015 x 10-3

-1.911 x 10-3

-1.770 x 10-3

-1.650 x 10-3

-1.524 x 10-3

-1.561 x 10-3

-1.470 x 10-3

-1.630 x 10-3

-2.099 x 10-3

-2.435 x 10-3

-2.354 x 10-3

-2.576 x 10-3

-2.709 x 10-3

-2.801 × 10 -3

-3.150 x 10 -3

-2.984 × 10 -3

-3.347 x 10 -3

-2.805 x 10 -3

-2.646 x 10-3

-2.758 x 10 -3

-2.914 × 10 -3

-2.666 x 10 -3

-2.777 x 10 -3

-2.707 x 10 -3

-2.733 x 10 -3

-2.750 × 10 -3

-2.413 x 10 -3

-2.191 x 10 -3

-2.152 × 10 -3

_t" / poo VL

8.614 x 10 -3

7.605 x 10.3

6.475 x 10 -3

5.167 x 10 -3

4.127 x 10 -3

3.373 x 10 -3

2.954 x 10 -3

2.432 × 10 -3

2.181 x 10 -3

1.994 x 10 -3

1.746 x 10 -3

1.586 x 10 -3

1.605 x 10 -3

1.292 x 10 -3

1.107 x 10 -3

1.055 x 10 -3

9.772 x 10 -4

9.127 x 10 -4

9.352 x 10 -4

7.922 x 10 -4

8.439 x 10 -4

7.840 x 10 -4

7.192 x 10 -4

6.899 x 10 -4

4.566 x 10 -4

4.652 x 10 .4

4.625 x 10 .4

4.208 x 10 -4

4.005 x 10 -4

4.107 x 10 -4

3.579 x 10 .4

3.094 x 10 .4

2.824 x 10 -4

2.908 x 10-4

2.452 x 10-4

2.363 x 10-4
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x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

O.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

O.6267

0.6333

0.6400

0.6467

0.6533

0.6600

I0.6667

10.6733

10.6800

0.6867

Table A.4: Surface

tinued).

y/L p/pooV_

0.0933 9.926 x 10 -3

0.0933 9_512

0.1000 3.340

0.1000 3.587

0.1000 3.623

0.1000 4.017

0.1000 4.079

0.1000 4.503

0.1000 4.569

0.1000 5.012

0.1000 5.O83
0.1000 5.590

0.1000 5.672

0.1000 6.149

0.100016.225

0.1000 6.626

0.1000 6.691

0.1000 7.111

O.lO00 7.183

O.lO00 7.514

0.1000 7.645

0.1000 7.746

0.1000 7.992

0.1000 8.O04

0.1000 8.194

0.1000 8.237

0.1000 8.368

0.1000 8.450

0.1000 8.485

0.1000 8.583

0.1000 8.611

0.1000 8.761

0.1000 8.878

0.1000 9.266

0.1000 9.508

0.1000 1.015

x 10-3

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x lO-2

× lO-2

x 10-2

x 10-1

variables on upper plate, fine grid (con-

3.878 x 10-3

3.810 x 10 -3

1.021 x 10 -2

9.456 x 10 -3

9.351 x 10 -3

8.307 x 10 -3

8.159 x 10 -3

6.245 x 10 -3

5.937 x 10 -3

3.635 x 10 -3

3.270 x 10 -3

1.868 x 10 -3

1.653 x 10 -3

6.793 x 10 -4

5.367 x 10 -4

-4.987 x 10 -4

-6.560 x 10 -4

-1.485 x 10 -3

-1.825 x 10 -3

-1.953 x 10 -3

-2.084 x 10 -3

-2.168 x 10 -3

-2.378 x 10 -3

-2.387 x 10 -3

-2.747 x 10 -3

-2.835 x 10 -3

-3.197 x 10 -3

-3.499 x 10 -3

-3.688 × 10 -3

-4.624 x 10 -3

-4.965 x 10 -3

-6.661 × 10 -3

-7.312 × 10 -3

-8.892 × 10 -3

-9.662 x 10 -3

-1.121 x 10 -2

  y/poov 
-2.079 x 10-3

-1.978 x lO-3

7.533x 10-5

1.636x 10-4

1.746x 10-4

3.789x 10-4

4.160x 10-4

7.286x 10-4

7.906x 10-4

9.209× lO-4

9.565x lO-4

1.086x 10-3

I.I09x 10-3

1.386x 10-3

1.436x 10-3

1.638x 10-3

1.678x 10-3

1.824x 10-3

1.850x 10-3

2.073× 10-3

2.181× 10-3

2.171x lO-3

2.252x lO-3

2.261× lO-3

2.500x 10-3

2.578x 10-3

2.738x lO-3

2.911× lO-3

3.168x lO-3

3.830x 10-3

3.997x 10-3

4.841× 10-3

5.605× 10-3

6.775x 10-3

7.520x 10-3

9.165× 10-3

q Ip_ve_

2,263. x 1(}-4

2.107 x 10 -4

4.532 x 10 -3

4.729 x 10 -3

4.758 x 10 -3

4,861 x 10 -3

4.878 x 10 -3

4.451 × 10 -3

4,376 x 10 -3

3.941 x 10 -3

3.869 x 10 -3

3.790 x 10 -3

3.776 × 10-3

3.609 x 10-3

3.586 x 10-3

3.218 x 10-3

3.165 × 10-3

2.970 x 10-3

2.939 x 10 -3

2.825 × 10 -3

2.780 x 10 -3

2.713 x 10 -3

2.527 x 10 -3

2.516 x 10 -3

2.551 x 10 -3

2,559 x 10 -3

2.649 x 10 -3

2.728 x 10 -3

2.797 × 10 -3

3.080 x 10 -3

3,183 x 10 -3

3.668 x 10 -3

4,001 × 10 -3

4.783 x 10 -3

5.138 x 10-3

5.964 x 10-3
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TableA.4: Surfacevariableson upperplate,finegrid (con-
' finued).

x/L __y/L

0.6933 0.1000

0.7000 0.1000

0.7067 0.1000

0.7133 0.1000

0.7200 0.1000

0.7267 0.1000

0.7333 0.1000

0.7400 011000

0.7467 0.1000

0.7533 0.1000

0.7600 0.1000

0.7667 0.1000

0.7733 0.1000
0.7800 0.1000

0.7867 0:1000

0.7933 0.1000

0.8000 0.1000

0.8067 0.1000

0.8133 0.1000

0.8200 0.1000

0.8267 0.1000

0.8333 0.1000

0.8400 0.1000

0.8467 0.1000

0.8533 0.1000

0.8600 0.1000

0.8667 0.1000

0.8733 0.1000

0.8800 0.1000

0.8867 0.1000

0.893310.1000

0.9000 0.1000

0.9067 0.1000

0.9133 0.1000

0.9200 0.1000

0.9267 0.1000

--2

P / P_ V _¢_I--
1.049 x i()-

1.'138 x 10-1

1.256 x 10-1

1.389 x 10-1

1.507 x 10-1

1.608 x 10 -1

1.675 x 10 -1

1.697 x 10-1

1.699 x 10-1

1.652 x 10-I

1.534 x 10-1

1.401 x 10-1

1.247 x 10-1

1.111 x 10-1

9.961 x 10-2

9.028 x 10-2

7.936 x 10 -2

7.232 x 10-2

6.636 x 10 -2

5.992 x 10-2

5.516 x 10-2

5.119 x 10-2

4.712 × 10-2

4.239 x l0 -2

3.953 x 10-2

3.701 x 10-2

3.466 x 10-2

3.138 × 10-2

2.742 x 10-2

2.566 x 10 -2

2.523 x 10-2

2.338 x 10 -2

2.143 x 10 -2

2.035 x 10 -2

1.889 x 10 -2

1.735 x 10 -2

_.zx/P_V 2

-1.175 x 10-2

-1.243 x 10-2

-1.199 x 10-2

-1.075 x 10-2

-8.193 x 10-3

-4.634 x 10 -3

-3.359 x 10-4

4.126 x 10-3

9.336 x 10-3

1.401 x 10-2

1.783 x 10-2

2.010 x 10-2

2.059 × 10-2

2.005 x 10-2

1.875 x 10-2

1.800 z 10-2

1.604 x 10-2

1.463 x 10-2

1.409 x l0 -2

1.337 x 10-2

1.323 x 10 -2

1.311 x 10-2

1.236 x 10-2

1.140 x 10-2

1.054 x 10 -2

1.006 x 10-2

9.384 x 10 -3

9.356 × 10 -3

9.186 x 10 -3

9.284 × 10 -3

8.719 x 10 -3

8.142 x 10 -3

7.646 x l0 -3

7.229 x l0 -3

6.960 x 10-3

6.348 x l0 -3

9.916 × 10-3 •

1.160 × 10-2

1.362 x 10-2

1.473 x 10-2

1.560 × 10-2

1.529 x 10-2

1.457 x 10-2

1.323 × 10-2

1.089 x 10-2

8.491 x 10-3

5.289 x 10-3

2.644 x 10-3

4.949 x 10-4

-1.218 x 10-3

-2.060 x 10 -3

-2.254 x 10 -3

-2.542 × 10-3

-2.227 x 10-3

-2.188 x 10-3

-2.140 x 10-3

-2.220 x 10-3

-2.152 × 10-3

-1.873 × 10-3

-2.581 × 10-3

-2.981 x 10-3

-2.922 x 10-3

-2.644 x 10-3

-2.654 x 10-3

-2.829 x 10-3

-3.193 × 10-3

-2.927 x 10-3

-3.051 x 10-3

-3.037 × 10-3

-3.294 x 10-3

-2.900 × 10-3

-2.925 × 10-3

¢t"/P_VL

6.341 x

7.150 × 10-3

8.172 × 10-3

9.245 × 10-3

1.002 x 10-2

1.059 × 10 -2

1.087 x 10-2

1.085 × 10 -2

1.025 x 10-2

9.179 x 10-3

8.095 x 10-3

6.922 x l0 -3

5.703 x 10-3

4.763 x l0 -3

3.952 x l0 -3

3.373 x l0 -3

2.694 × l0 -3

2.339 x 10-3

2.124 x 10-3

1.814 x 10-3

1.738 x 10-3

1.607 x 10-3

1.504 x l0 -3

1.301 x 10-3

1.167 x 10-3

!.084 x 10-3

9.096 x 10-4

9.366 x 10-4

7.739 x 10-4

8.908 x 10-4

8.016 x 10 -4

7.738 x 10 -4

6.950 x 10 -4

6.127 x 10 -4

5.393 x 10 -4

5.223 x 10 -4



381

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

O.56OO

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

Table A.4: Surface variables on upper plate, fine grid (con-
ti_ued).

y/L p/pc_V_

0.1000 1.691 x 10 -2

0.1000 1_637 x 10 -2

0.1000 1.502 x 10 -2

0.1000 1.452 x lO -2

0.1000 1.342 x 10 -2

0.1000 1.294 x 10 -2

0.1000 1.250 x 10-2

0.1000 1.158 x 10-2

0.1000 1.036 x 10-2

0.1000 1.017 x 10-2

0.1000 9.703 × 10 -3

0.1067 3.389 x 10 -2

0.1067 3.516 x 10 -2

0.1067 3.680 x 10-2

0.1067 3.872 x 10 -2

0.1067 4.137 x lO -2

0.1067 4.366 x 10-2

0.1067 4.613 x 10-2

0.1067 4.832 x 10-2

0.1067 5.136 x 10 -2

0.1067 5.394 x 10 -2

0.1067 5.714 × 10 -2

0.1067 5.958 × 10 -2

0.1067 6.238 × 10 -2

0.1067 6.434 x 10-2

0.1067 6.715 × 10-2

0.1067 6.920 × lO-2

0.1067 7.194 x lO-2

0.1067 7.364 x 10 -2

0.1067 7.628 x 10 -2

0.1067 7.752 x lO -2

0.1067 7.911 × lO -2

0.1067 8.021 x lO-2

0.1067 8.078 x lO-2

0.1067 8.241 x 10-2

0.1067 8.300 × 10 -2

"rzx/Pcx_V 2

6.079 x 10 -3

5.854 × 10-3

5.354 × 10 -3

5.030 × 10-3

4.817 x 10 -3

4.593 x 10-3

4.445 x 10-3

4.125 x 10 -3

4.009 x 10 -3

4.001 x 10 -3

4.020 × 10 -3

1.008 × 10 -2

9.661 × 10-3

9.206 x 10 -3

8.693 x 10-3

7.885 x 10-3

6.938 x 10 -3

5.565 x 10 -3

4.319 x 10 -3

3.175 x lO -3

2.428 × 10 -3

1.638 × 10-3

1.146 x 10-3

4.290 x 10-4

-1.212 × 10-4

-7.665 × 10-4

-i.239 x 10 -3

-1.612 x 10-3

-1.797 x 10 -3

-2.034 x 10-3

-2.076 × 10 -3

-2.271 × 10-3

-2.413 × 10-3

-2.500 × 10-3

-2.794 x 10 -3

-2.883 × 10 -3

-2.975 x 10 -3

-2.807 x 10 -3

-2.760 x 10 -3

-2.721 × 10 -3

-2.740 × 10 -3

-2.567 x 10 -3

-2.465 x 10-3

-2.374 x 10-3

-2.179 x 10-3

-2.143 x 10-3

- 1.998 x 10-3

1.463 × 10 -4

2.231 x 10 -4

3.025 x 10 -4

4.830 x 10 -4

5.372 × 10-4

7.140 × 10-4

8.470 × 10 -4

9.765 × 10 -4

1.048 x 10 -3

1.178 × 10 -3

1.260 x 10 -3

1.463 × 10 -3

1.556 x 10 -3

1.729 x 10-3

1.793 x 10-3

1.940 × 10 -3

1.961 × 10 -3

2.115 x 10 -3

2.192 x 10 -3

2.252 x 10 -3

2.284 x 10-3

2.357 × 10-3

2.461 x 10-3

2.612 x 10-3

2.656 x 10 -3

_l" /pc_V_

5.205 x 10 -4

4.755 x 10 -4

4.003 x 10 -4

4.041 x 10 -4

3.241 x 10-4

2.696 x 10-4

2.592 x 10-4

2.587 x 10-4

2.406 x 10-4

2.372 x 10-4

2.239 x 10 -4

4.575 x 10 -3

4.655 x 10 -3

4.756 x 10 -3

4.801 x 10-3

4.776 x 10-3

4.580 x 10-3

4.269 × 10-3

3.993 × 10-3

3.874 x 10 -3

3.822 × 10 -3

3.767 × 10 -3

3.698 x 10 -3

3.498 x 10 -3

3.285 x 10-3

3.126 x 10-3

3.004 x 10 -3

2.931 x 10 -3

2.876 x 10 -3

2.774 x 10 -3

2.697 x 10-3

2.596 x 10-3

2.550 x 10-3

2.563 x 10-3

2.572 x 10 -3

2.578 x 10 -3
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x/L

0.6333

0.6400

0.6467

0.6533

O.66OO

O.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.1067

0.1067 8.467

0.1067 8.487

0.1067 8.592

0.1067 8.616

0.1067 8.846

0.1067 9.038

0.1067 9.382

0.1067 9.673

0.1067 1.030

0.1067 1.129

0.1067 1.205

0.1067 1.280

0.1067 1.399

0.1067 1.536

0.1067 1.636

0.1067 1.674

0.1067 1.700

0.1067 1.654 ×

0.1067 1.557 ×

0.1067 1.451 ×

0.1067 1.331 ×

0.1067 1.211 ×

0.1067 1.083 ×

0.1067 9.609 x

0.1067 8.660 ×

0.1067 7.606 x

0.1067 6.754 ×

0.1067 6.284 ×

0.1067 5.757 ×

0.1067 5.376 x

0.1067 4.814 ×

0.1067 4.377 ×

011067 4.138 x

0.1067 3.835 x

0.1067 3.504 ×

2
P/PooV_z_]

8.399x 10-2

x lO-2

x lO-2

x lO-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x lO-1

x I0-I

x 10-I

x lO-I

x I0-I

x 10-I

x 10-l

x I0-I

x I0-l

i0-I

i0-l

I0-1

i0-I

I0-l

i0-l

lO-2

lO-2

10-2

10-2

10-2

i0-2

10-2

10-2

10-2

10-2

10-2

10-2

 zx/po v 
-3.281 × 10 -3

-3.569 × 10 -3

-4.146 × 10 -3

-5.282 x 10 -3

-5.517 × 10 -3

-7.082 x 10 -3

-7.841 x 10 -3

-9.189 × 10 -3

-1.008 x 10 -2

-1.118 x 10 -2

-1.171 × 10 -2

-1.147 × 10 -2

-1.082 x 10 -2

-9.669 x 10 -3

-5.624 × 10 -3

-7.873 x 10 -4

3.721 x i0-3

8.508× 10-3

1.332x 10-2

1.705x 10-2

1.956x 10-2

2.065x 10-2

2.068x 10-2

1.997x 10-2

1.877x lO-2

1.760× 10-2

1.594x 10-2

1.484x 10-2

1.413x 10-2

1.332x 10-2

1.327x 10-2

1.255x 10-2

1.212x 10-2

1.149 x 10 -2

1.061 x 10-2

9.658 x 10-3

2.976 × 10 -a

3.135 × 10 -3

3.600 × 10 -3

4.187 × 10 -3

4.353 × 10 -3

5.609 × 10 -3

6.925 x 10 -3

7.784 × 10 -3

8.507 × 10 -3

1.014 x 10 -2

1.223 × 10 -2

1.327 × 10 -2

1.423 × 10 -2

1.542 x 10 -2

1.595 × 10 -2

1.481 × 10 -2

1.328 × 10 -2

1.184 × 10 -2

8.818 × 10-3

6.228 × 10-3

3.700 x 10-3

1.859 × 10-3

-1.064 x 10 -4

-1.809 x 10 -3

-2.565 x 10 -3

-2.900 × 10 -3

-2.909 x 10 -3

-2.990 x 10 -3

-3.114 x 10 -3

-2.530 x 10-3

-2.598 × 10-3

-2.593 × 10-3

-2.852 x 10-3

-3.100 x 10-3

-2.965 × 10-3

-2.899 x 10-3

el"/PccV3_o.3
2.692x 10-

2.762x lO-3

2.960x 10-3

3.329x lO-3

3.412x 10-3

3.951x 10-3

4.415x 10-3

5.004x 10-3

5.431x lO-3

6.150x lO-3

7.086× 10-3

7.762x 10-3

8.424x 10-3

9.267× 10-3

1.011× 10-2

1.064× 10-2

1.063× 10-2

1.031x 10-2

9.407x 10-3

8.440× 10-3

7.460× lO-3

6.577x 10-3

5.504× 10-3

4.541 x lO-3

3.780x 10-3

3.162x lO-3

2.548 x 10-3

2.285x 10-3

2.047× lO-3

1.859x 10-3

1.801x 10-3

1.563x 10-3

1.444x 10-3

1.304x 10-3

1.211x 10-3

9.975x lO-4
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Table A.4: Surface variables on upper plate, fine grid (con-
" " tinued).

x/L y/L

0.8733 0.1067

0.8800

0.8867

O.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

O.96O0

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.50671

0.5133

0.52O0

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1067

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.11331

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

p/p_V'Z____
3.333 x 10 -2

2.866 × 10 -2

2.626 x 10 -2

2.598 x 10-2

2.465 x 10-2

2.266 × 10 -2

2.183 x 10-2

2.063 x 10-2

1.938 x 10 -2

1.809 x 10 -2

1.730 x 10 -2

1.616 x 10 -2

1.555x 10-2

1.467x lO-2

1.363x 10-2

1.262x 10-2

1.212x lO-2

1.123x 10-2

1.071x lO-2

1.043x 10-2

3.446x 10-2

3.475x 10-2

3.742× 10-2

3.789x 10-2

4.223x 10-2

4.300 x 10-2

4.668 x 10-2

4.734 x 10-2

5.208x 10-2

5.295x 10-2

5.777 x 10 -2

5.868 x 10 -2

6.258 x 10 -2

6.334 x 10 -2

6.748 x 10 -2

6.828 x 10-2

Tzx/PooV 2

8.988 X 10-3

9.035 × 10-3

8.880 X 10 -3

8.492 x 10 -3

7.655 × 10-3

7.046 × 10 -3

7.263 x 10 -3

6.854 × 10 -3

6.340 x 10 -3

6.131 x l0 -3

5.612 x l0 -3

5.313 x 10-3

5.072 x 10 -3

4.843 × 10-3

4.699 x 10 -3

4.553 x 10 -3

4.321 x 10 -3

4.328 × 10 -3

4.286 x 10 -3

9.910 x 10 -3

9.764 × 10-3

9.061 x 10-3

8.936 x 10 -3

7.591 x 10 -3

7.349 x 10 -3

5.024 x 10 -3

4.607 x 10 -3

2.966 x 10 -3

2.681 x 10 -3

1.590 x 10 -3

1.394 × 10 -3

2.722 × 10 -4

6.070 × 10 -5

-9.544 x 10-4

-1.161 x 10 -3

-3.027 x 10-3

-3.611 × 10-3

-3.333 × 10-3

-3.224 × lO-3

-3.200 × lO-3

-2.979 x lO-3

-3.546 x 10-3

-3.338 × 10-3

-2.986 x 10-3

-2.893 × lO-3

-2.925 x 10-3

-3.030 × 10-3

-3.050 × 10-3

-2.845 × 10-3

-2.425 × 10-3

-2.434 × lO-3

-2.395 x 10-3

-2.367 × 10-3

-2.330 x 10-3

2.244x I0-4

2.405x 10-4

4.916x 10-4

5.429× 10-4

6.908x 10-4

7.099x lO-4

9.568x lO-4

1.005 × 10-3

1.188 x 10 -3

1.216 x 10 -3

1.472 × 10 -3

1.509 × 10-3

1.739 × 10-3

1.780 × 10-3

1.968 x 10-3

2.001 x 10 -3

8.447 x 10-4

8.175 x 10 -4

7.701 × 10-4

7.282 x 10-4

7.226 x l0 -4

5.475 x 10-4

6.132 x 10-4

5.846 x 10-4

5.745 x 10-4

4.826 x 10-4

4.286 x 10 -4

4.340 × l0 -4

4.466 × l0 -4

3.459 x l0 -4

3.068 × 10-4

2.914 × 10-4

2.732 x 10-4

2.823 x 10-4

2.827 x 10 -4

4.611 x 10 -3

4.616 × 10 -3

4.768 x 10 -3

4.792 x 10 -3

4.691 x 10-3

4.667 x l0 -3

4.093 x 10-3

3.986 x 10-3

3.858 × l0 -3

3.836 × 10 -3

3.775 x 10 -3

3.766 x 10 -3

3.378 x 10 -3

3.305 × l0 -3

3.056 × 10-3

3.009 x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

x/L

0.5733

0.5800

0.5867

0.5933l

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

Q.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

o.700o

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

y/L

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

P/pocVL

7.218 x 10:2

7.'305 x 10-2

7.601 x 10-2

7.761 x 10 -2

7.810 x 10 -2

8.029 x 10 -2

8.058 x 10 -2

8.177 x 10 -2

8.279 x 10 -2

8.355 × lO -2

8.388 × lO -2

8.444 x 10 -2

8.499 x 10-2

8.612 x 10-2

8.667 x 10-2

8.955 x 10-2

9.138 x 10-2

9.513 x 10-2

1.005 x 10-1

1.045 × 10-1

1.135 x 10-1

1.257 x 10-1

1.363 x 10-1

1.482 × 10-1

1.577 x 10-1

1.629 × 10-1

1.662 x lO-1

1.658 × 10-1

1.603 x lO-1

1.507 x 10-1

1.376 x 10 -1

1.233 x lO -1

1.099 x lO -1

1.014 x 10 -1

9.189 × 10-2

8.287 x 10 -2

7"zx/pcoV_
-1.623 × 10 -3

-1.747 × 10-3

-1.927 × 10-3

-2.059 × 10-3

-2.112 × 10 -3

-2.408 x 10 -3

-2.457 × 10 -3

-2.573 × 10 -3

-2.802 × 10 -3

-2.968 x lO -3

-3.300 x 10 -3

-3.947 × 10 -3

-4.399 × 10 -3

-5.328 × 10 -3

-5.746 x 10 -3

-7.394 × 10 -3

-8.127 × 10 -3

-9.403 x 10 -3

-1.032 x lO -2

-1.077 × 10 -2

-1.110 × 10 -2

-1.083 x 10 -2

-9.501 x 10 -3

-6.588 x 10-3

-2.559 × lO-3

1.076 x 10 -3

5.252 x 10 -3

9.937 x 10 -3

1.442 × lO -2

1.778 x lO -2

1.987 x lO -2

2.055 x 10-2

1.993 x 10-2

1.914 x 10-2

1.817 x 10-2

1.720 x 10-2

Tzy/PooV L
2.118 x 10 -3

2.131 × 10 -3

2.252 × 10 -3

2.265 × 10 -3

2.341 x 10 -3

2.456 × 10 -3

2.454 x 10 -3

2.724 x 10 -3

2.814 x 10 -3

3.217 x 10 -3

3.318 x 10 -3

3.514 x lO -3

4.125 x lO -3

4.937 x 10 -3

5.439 x 10 -3

6.809 x 10 -3

7.451 x 10 -3

8.786 x 10 -3

1.001 x 10-2

1.108 x 10 -2

1.306 x 10 -2

1.471 x 10 -2

1.551 x 10 -2

1.624 × 10 -2

1.594 x 10 -2

1.532 x 10 -2

1.398 x 10 -2

1.162 x 10 -2

8.814 x 10 -3

5.692 × 10 -3

2.863 × 10 -3

3.576 × 10 -4

-1.576 × 10 -3

-2.449 × 10 -3

-3.127 × 10 -3

-3.432 × 10 -3

(t" /pocVL

2.919 x 10 -_

2.901 × 10 -3

2.763 × 10 -3

2.691 × 10-3

2.668 × 10 -3

2.575 × 10 -3

2.566 × 10 -3

2.549 × 10 -3

2.582 × 10 -3

2.670 × 10 -3

2.750 × lO -3

2.906 × 10 -3

3.147 × lO-3

3.474 x lO-3

3.637 × lO-3

4.272 × 10-3

4.591 × 10-3

5.168 x 10-3

5.788 × 10-3

6.218 x 10-3

7.160 × 10-3

8.242 x 10-3

8.958 × 10-3

9.734 × 10-3

1.028 × 10-2

1.039 × 10-2

1.024 × 10-2

9.774 × 10-3

9.009 × 10-3

8.006 × 10 -3

6.856 × 10 -3

5.684 × 10 -3

4.815 × 10-3

4.194 x 10 -3

3.487 × 10 -3

3.052 × 10-3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
= tinued).

x/i
0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

y/L

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1t33

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1133

0.1200

0.1200

O. 1200

0.1200

0.1200

0.1200

0.1200

p/PooV'Z_

7.428 x 10 -2

6.570 x 10 -2

5.929 x 10 -2

5.497 x 10 -2

5.074 x 10 -2

4.568 x 10 -2

4.232 x 10 -2

4.057 x 10-2

3.773 x 10 -2

3.392 x 10-2

3.119 x 10-2

2.908 x 10 -2

2.764 x 10 -2

2.528 x 10 -2

2.354 x 10 -2

2.252 x 10 -2

2.140 x 10 -2

2.040 x 10 -2

1.933 × 10 -2

1.875 x 10 -2

1.765 x 10 -2

1.664 x 10 -2

1.556 x 10-2

1.509 x 10-2

1.447 x 10-2

1.287 x 10-2

t.187 x 10-2

1.144 x 10-2

1.079 x 10 -2

3.400 x 10 -2

3.531 x 10 -2

3.600 x 10 -2

3.900 x 10 -2

4.029 x 10-2

4.359 x 10-2

4.480 x 10.2

rzx/pocV_
1.628 x 10 -2

1.499x 10-2

1.393x 10-2

1.315x 10-2

1.252x 10-2

1.208x 10-2

1.156x 10-2

1.094x 10-2

1.039x 10-2

9.572x 10-3

8.941x 10-3

8.604x 10-3

8.735x 10-3

8.442x 10-3

8.065x 10-3

7.696x 10-3

7.493x I0-3

7.092x 10-3

6.600x 10-3

6.416x 10-3

6.024x 10-3

5.682 x 10-3

5.527x 10-3

5.498x 10-3

5.548x ]0-3

4.931x 10-3

4.695x 10-3

4.631x 10-3

4.443 x 10-3

1.057x 10-2

9.651x 10-3

9.362 x 10-3

8.696 x 10-3

8.376x 10-3

6.804x 10-3

6.150x 10-3

rzy/PcoV 5

-3.695 x 10 -3_

-3.506 x 10 -3

-3.17i × 10 -3

-3.028 x 10 -3

-3.192 x 10 -3

-3.121 x 10 -3

-3.056 x 10 -3

-3.150 x 10 -3

-3.287 × 10 -3

-3.177 x 10 -3

-3.684 x 10 -3

-3.585 x 10-3

-3.268 x 10-3

-3.232 x 10-3

-3.571 x 10-3

-3.563 x 10 -3

-3.567 x 10-3

-3.486 x 10 -3

-3.188 x 10 -3

-3.107 x 10 -3

-3.257 × 10 -3

-3.486 x 10 -3

-3.272 x 10-3

-3.166 x 10-3

-2.996 x 10-3

-2.801 x 10-3

-2.643 x 10-3

-2.606 x 10 -3

-2.423 x 10 -3

1.097 x 10 -4

2.894 x 10-4

3.597 x 10-4

7.079 x 10-4

8.416 x 10 -4

7.700 x 10 -4

7.877 x 10 -4

2.601 x 10-3

2.247 x 10-3

2.011 x 10-3

1.825 x 10-3

1.548 x 10 -3

1.455 x 10-3

1.408 x 10-3

1.198 x 10 -3

1.109 x 10 -3

1.023 x 10 -3

8.996 x 10 -4

8.267 x 10 -4

8.603 x 10 -4

8.103 x 10 -4

7.631 x 10-4

7.251 x 10-4

6.615 x 10-4

6.054 x 10-4

5.485 x 10-4

5.234 x 10-4

4.948 x 10 -4

5.109 x 10 -4

4.735 × 10 -4

4.394 x 10 -4

3.941 x 10 -4

2.959 x 10-4

3.081 x 10-4

3.170 x 10-4

3.009 x 10-4

4.640 x 10-3

4.661 x 10-3

4.688 x 10 -3

4.806 x 10 -3

4.827 x 10 -3

4.516 x 10 -3

4.375 x 10 -3





x/L
0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

O.62O0

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.72O0

0.7267

0.7333

0.7400

0.7467

386

Table A.4: Surface variables on upper plate, fine grid (con-

timmd). "

y/L

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

0.1200

[0.1200

0.1200

0.1200

0.1200

P/PooV_ 2
4.808 x 10= -

4.'936 x 10-2

5.354 x I0-2

5.500 x 10-2

5.872x 10-2

5.989x 10-2

6.362x 10-2

6.485x 10-2

6.853x 10-2

6.972x lO-2

7.305x lO-2

7.406x 10-2

7.692× 10-2

7.770x 10-2

7.947x lO-2

8.005x 10-2

8.189x 10-2

8.201x 10-2

8.339x 10-2

8.350x 10-2

8.352 x 10-2

8.480 x 10-2

8.518x lO-2

8.610x 10-2

8.760x 10-2

9.005x i0-2

9.191x 10-2

9.636x 10-2

1.036x I0-I

1.117x lO-I

1.171x I0-I

1.280× I0Zl

1.384x I0-I

1.488 x 10-1

1.578 x 10 -1

1.643 × 10 -1

%x/p_V 2

4.263 × 10 -a

3.626 x 10-3

2.547 x 10 -3

2.184 x 10 -3

1.239 x 10 -3

8.979 x 10 -4

-1.827 x 10 -5

-3.179 x 10 -4

-1.017 × 10 -3

-1.176 × 10 -3

-1.573 × 10 -3

-1.635 x 10 -3

-1.948 × 10 -3

-2.021 × 10 -3

-2.193 x 10 -3

-2.252 × 10 -3

-2.477 x 10 -3

-2.514 x 10 -3

-2.940 x 10 -3

-3.259 x 10 -3

-3.519 x 10 -3

-4.199 x 10 -3

-4.528 x 10 -3

-5.237 × 10 -3

-6.324 × 10 -3

-7.736 × 10 -3

-8.312 x 10 -3

-9.345 x 10 -3

-1.029 x 10-2

-1.068 × 10 -2

-1.061 × 10 -2

-9.700 x 10 -3

-7.818 × 10 -3

-5.041 x 10 -3

-1.105 × 10 -3

3.672 x 10 -3

2

rzy/p_oV_
1.108 x 10 -0

1.227 x 10 -3

1.456 x 10 -3

1.590 x 10 -3

1.655 x 10 -3

1.726 × 10 -3

1.893 x 10 -3

1.980 × 10 -3

2.160 × 10 -3

2.261 × 10 -3

2.319 x 10 -3

2.403 × 10 -3

2.422 × 10 -3

2.503 x 10 -3

•2.561 × 10-3

2.605 x 10-3

2.893 x 10-3

2.920 x 10-3

3.227 x 10-3

3.459 x 10-3

3.675 x 10-3

4.233 x 10-3

4.635 x 10-3

5.522 x 10-3

6.371 x 10 -3

7.617 x 10-3

8.174 x 10 -3

9.674 x 10 -3

1.145 x 10-2

1.309 x 10 -2

1.406 x 10 -2

1.543 x 10 -2

1.628 x 10 -2

1.675 x 10 -2

1.665 x 10 -2

1.546 x 10 -2

q lPooV____3__
37-9-8--3x 10-"

3.882 x 10-3

a.833× lO-3
3.815 x lO-a

3.658x 10-3
3.562 x lO-3

a.253x 10-3
3.147 x 10 -3

2.996 x 10 -3

2.948 x 10 -3

2.867 x 10-3

2.831 x 10-3

2.725 x lO-3

2.702 x 10-3

2.600 x 10-3

2.573 x 10-3

2.511 x 10 .3

2.523 x 10-3

2.665 x 10-3

2.767 x lO-3

2.858 × 10 -3

3.142 x 10 -3

3.279 x 10 -3

3.578 x 10 -3

3.915 x 10 -3

4.465 x 10 -3

4.734 x 10 -3

5.330 x 10 -3

6.162 x 10 -3

6.995 x 10 -3

7.500 x 10 -3

8.318 x 10 -3

9.009 x 10 -3

9.735 x 10 -3

1.020 x 10 -2

1.029 x l0 -2
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
tinued).

x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

y/L

0.1200

0.1200 1.617

0.1200 1.545

0.1200 1.447

0.1200 1.326

0.1200 1.207

0.1200 1.104

0.1200 9.951

0.1200 8.813

0.1200 7.870

0.1200 7.158

0.1200 6.433

0.1200 5.907

0.1200 5.396

0.1200 4.853

0.1200 4.472

0.1200 4.175

0.1200 3.861

0.1200 3.599

0.1200 3.395

0.1200 3.165

0.1200 2.915

0.1200 2.591

0.1200 2.49O

0.1200 2.378

0.1200 2.2O6

0.1200 2.057

0.1200 2.O0O

0.1200 1.965

0.1200 1.873

0.1200 1.744

0.1200 1.705

0.1200 1.625

0.1200 1.484

0.1200 1.420

0.1200 1.250

p/pooV 2

1.648 x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -2

× 10-2

× 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

× 10-2

x 10-2

× 10-2

x 10-2

x 10 -2

× 10 -2

x 10 -2

rzx/pccV_
" 8.547 x i0 -3

1.325 × 10 -2

1.682 x 10-2

1.910 x 10-2

2.022 x 10-2

2.040 × 10-2

1.990 x 10-2

1.900 x 10-2

1.805 x 10-2

1.710 x 10-2

1.613 x 10-2

1.498 x 10-2

1.390 x 10-2

1.314 x 10-2

1.261 x 10-2

1.181 x 10-2

1.129 x 10-2

1.081 x 10 -2

t.009 × 10 -2

9.507 x 10 -3

8.946 x 10-3

8.546 x 10-3

8.058 x 10-3

8.472 x 10-3

8.060 x 10-3

7.868 x 10-3

6.987 x 10-3

6.904 x 10-3

6.739 x 10-3

6.405 × 10-3

5.996 x 10 -3

6.059 x 10 -3

6.062 x 10-3

5.626 x 10 -3

5.394 x 10-3

4.981 x 10-3

"rzy/p_V 2

1.289 x 10 -2

1.032 x 10 -2

7.206 × 10 -3

4.322 x 10 -3

2.057 x 10 -3

4.454 x 10 -6

-1.665 x 10 -3

-2.796 x 10 -3

-3.438 x 10 -3

-3.891 x 10 -3

-3.988 × 10 -3

-4.039 × 10 -3

-3.809 x 10 -3

-4.061 x 10 -3

-3.729 x 10 -3

-3.748 x 10 -3

-3.799 x 10 -3

-3.670 x 10 -3

-3.832 x 10 -3

-3.813 x 10 -3

-3.547 × 10 -3

-3.163 x 10 -3

-3.184 x 10 -3

-3.874 × 10 -3

-3.502 x 10 -3

-3.564 × 10 -3

-3.420 x 10 -3

-3.537 x 10 -3

-3.528 x 10 -3

-3.572 x 10 -3

-3.634 x 10 -3

-3.674 x 10 -3

-3.524 × 10 -3

-3.182 x 10 -3

-3.100 × 10 -3

-2.797 x 10 -3

gt" /pccV_

9.874 x 10 -3

9.222 x 10 -3

8.357 x 10 -3

7.444 x 10 -3

6.430 × 10 -3

5.531 x 10 -3

4.735 x 10 -3

3.934 x 10-3

3.384 x 10 -3

2.941 x 10 -3

2.588 x 10 -3

2.223 x 10 -3

1.952 x 10 -3

1.737 x 10 -3

1.668 x 10 -3

1.410 x 10 -3

1.206 x 10 -3

1.166 × 10 -3

1.126 x 10 -3

9.793 x 10 -4

8.876 × 10 -4

8.564 × 10 -4

7.895 x 10 -4

8.104 x 10 -4

7.808 x 10 -4

7.836 x 10-4

6.384 x 10 -4

5.257 x 10-4

5.211 x 10-4

5.346 × 10 -4

5.284 × 10 -4

5.221 x 10 -4

4.954 x 10 -4

3.944 x 10 -4

3.397 x 10 -4

3.502 x 10-4
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TableA.4: Surfacevariableson upperplate, finegrid (con-
_inued).

x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0,6000

0.6067

0 6133:

0 6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

O.6667

0.6733

0.6800

0.6867

y/L

O.1200

O.1200

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

O.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0,1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

0.1267

D.1267

3.1267

).1267

P/P°° V2 '2
1.217 x 10-' i

1.136 x 10 -2

3.395 x 10 -2

3.529 x 10-2

3.584 x 10 -2

3.907 × 10 -2

4.011 x 10 -2

4.354 x 10 -2

4.460 x 10 -2

4.803 x 10-2

4,909 x 10-2

5.339 x 10-2

5.472 x 10 -2

5.837 x 10 -2

5.959 x 10 -2

6.334 x 10-2

6.457 x 10-2

6.828 x 10-2

6.948 x 10 -2

7.272 x 10 -2

7.388 x 10 -2

7.631 x 10 -2

7.765 x 10-2

7,935 x 10-2

7,982 x 10 -2

8.103 x 10 -2

8.185 x 10 -2

8.212 x 10 -2

8,306 x 10-2

8.337 x 10-2

8,408 x 10 -2

8,474 x 10 -2

8.556 x 10-2

8,692 x 10-2

8.793 x 10-2

9.090 x 10-2

 -zx/p v 
4.891× lO-3-
4.705 x 10 -3

1.063 x 10 -2

9.632 x 10 -3

9.392 x 10 -3

8.682 x 10 -3

8.457 x 10-3

6.740 × 10 -3

6.247 x 10-3

4.230 × 10 -3

3.681 × 10 -3

2.560 × 10 -3

2.244 x 10 -3

1.276 x 10 -3

9.609 × 10-4

3.840 × 10-5

-2.563 x 10-4

-9.156 × 10 -4

-1.127 × 10 -3

-1.465 x 10 -3

-1.603 x l0 -3

-1.828 x 10-3

-2.009 x 10-3

-2.146 x l0 -3

-2.196 x 10 -3

-2.302 x l0 -3

-2.502 x l0 -3

-2.595 x l0 -3

-3.204 × l0 -3

-3.446 x l0 -3

-3.793 x l0 -3

-4.265 x l0 -3

-4.836 x 10 -3

-6.018 x 10-3

-6.627 x l0 -3

-7.789 x 10 -3

Tzy/Poo v2
_2.738 x 10-_3-

-2.569 x 10 -3

9.779 x 10-5

3.094 x 10 -4

3.502 x 10 -4

7.684 x 10 -4

8.622 x l0 -4

7.903 × 10 -4

7.740 × 10-4

1.147 x 10 -3

1.236 x 10 -3

1.543 x 10 -3

1.610 x 10 -3

1.719 x l0 -3

1.731 x 10-3

1.938 x l0 -3

1.986 × 10 -3

2.217 x 10 -3

2.278 x 10 -3

2.388 x 10 -3

2.418 × 10 -3

2.494 x 10-3

2.515 x 10 -3

2.594 × l0 -3

2.610 x l0 -3

2.894 x l0 -3

3.134 x 10 -3

3.353 x l0 -3

3.570 x 10 -3

3.669 x 10 -3

4.427 x 10 -3

4.844 x 10 -3

5.333 x 10-3

6.418 x 10-3

6.976 x l0 -3

8.331 x 10 -3

3.428 x 10-

3.323 x 10 -4

4.643 x 10-3

4.662 x I0 -3

4.681 x 10-3

4,805 × 10 -3

4,842 x 10 -3

4,489 x 10 -3

4.396 x 10-3

3.979 x 10-3

3.882 x l0 -3

3.828 x 10-3

3.820 x 10 -3

3.636 x 10 -3

3.577 x 10 -3

3.256 x 10 -3

3.154 x 10 -3

2.998 x 10-3

2.951 × 10 -3

2.865 x 10 -3

2.836 × 10 -3

2.744 x 10 -3

2.704 x 10 -3

2.597 x 10 -3

2.577 x 10-3

2.535 × 10-3

2,562 x 10 -3

2.597 x 10 -3

2.770 x 10-3

2.840 x 10-3

3.107 x 10-3

3.276 x 10 -3

3.477 x l0 -3

3.853 x 10-3

4.083 x l0 -3

4.641 x 10-3
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x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.780O!

0.7867
0.7933!

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.84671

0.8533

0.86001

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

Table A.4: Surface variables on upper plate, fine grid (con-

: ' tinued).

9.547 x 10-

x 10 -1

× 10 -1

× 10 -1

x 10 -1

x 10 -1

× 10 -1

× 10 -1

x 10 -1

x 10 -1

x 10 -1

× 10 -1

x 10-1

x 10 -1

× 10-1

x 10-1

x 10-1

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10 -2

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

y/L

0.1267

0.1267 1.008

0.1267 1.068

0.1267 1.110

0.1267 1.223

0.1267 1.340

0.1267 1.448

0.1267 1.527

0.1267 1.577

0.1267 1.609

0.1267 1.610

0.1267 1.581

0.1267 1.514

0.1267 1.420

0.1267 1.310

0.1267 1.173

0.1267 1.048

0.1267 9.543

0.1267 8.865

0.1267 8.028

0.1267 7.168

0.1267 6.435

0.1267 5.851

0.1267 5.299

0.1267 4.864

0.1267 4.532

0.1267 4.218

0.1267 3.917

0.1267 3.680

0.1267 3.478

0.1267 3.232

0.1267 2.982

0.1267 2.808

0.1267 2.651

0.1267 2.452

0.1267 2.231

_-zx/PooV_

-9.064 x iO -3

-9.664 × 10 -3

-1.003 × 10 -2

-9.876 × 10 -3

-9.434 × 10 -3

-8.046 x 10 -3

-5.265 × 10-3

-1.525 × 10 -3

2.025 x 10 -3

5.985 x 10-3

1.003 × 10-2

1.360 × 10-2

1.708 × 10-2

1.951 × 10-2

2.019 × 10-2

2.049 x 10-2

1.956 x 10-2

1.900 x 10-2

1.817 × 10-2

1.708 x 10-2

1.615 x 10 -2

1.496 x 10 -2

1.381 x 10 -2

1.307 × 10 -2

1.238 x 10 -2

1.177 × 10 -2

1.135 × 10 -2

1,092 × 10 -2

1.036 × 10 -2

9.778 × 10-3

9.102 x 10-3

8.778 x 10-3

8.613 × 10-3

8.316 × 10-3

7.748 x 10-3

7.398 × 10-3

Tzy/P_V_

9.637 X 10 -3

1.136 X 10 -2

1.267 x 10 -2

1.379 X 10 -2

1.529 X 10 -2

1.628 x 10 -2

1.675 X 10 -2

1.686 × 10 -2

1.602 X 10 -2

1.462 x 10 -2

1.250 X 10 -2

9.954 x 10 -3

6.870 x 10 -3

4.115 X 10 -3

1.453 X 10 -3

--9.545 X 10 -4

--2.300 x 10 -3

--3.438 X 10 -3

--3.780 × 10 -3

--3.934 × 10 -3

--4.005 X 10 -3

--4.155 X 10 -3

--4.260 X 10 -3

--4.410 x 10 -3

--4.263 x 10 -3

--4.333 X 10 -3

--4.056 X 10 -3

--4.170 X 10 -3

--4.356 X 10 -3

--4.429 X 10 -3

--4.077 X 10 -3

--3.718 X 10 -3

--3.948 X 10 -3

--3.733 X 10 -3

--3.547 X 10 -3

--3.582 × 10 -3

_l" / pooV 3oo

5.244 x 10 -3

5.907 × 10 -3

6.524 x 10 -3

6.911 x 10 -3

7.821 x 10 -3

8.671 x 10 -3

9.432 x 10 -3

9.844 x 10 -3

9.869 x 10 -3

9.793 × 10 -3

9.443 x 10 -3

8.901 x 10 -3

8.161 x 10 -3

7.297 x 10 -3

6.243 x 10 -3

5.207 x 10 -3

4.335 × 10 -3

3.779 x 10 -3

3.447 x 10 -3

3.006 × 10 -3

2.562 x 10 -3

2.167 × 10 -3

1.914 x 10 -3

1.779 x 10 -3

1.587 x 10 -3

1.431 × 10 -3

1.336 x 10 -3

1.234 × 10 -3

1.092 x 10-3

1.003 x 10 -3

9.256 × 10 -4

9.087 × 10 -4

8.614 x 10 -4

7.762 x 10 -4

7.383 x t0 -4

7.244 x 10 -4
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Table A.4: Surface variables on upper plate, fine grid (con-

:' inued)t

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

y/L

0.1267

0.1267 2.049

0.1267 1.972

0.1267 1.930

0.1267 1.761

0.1267 1.661

0.1267 1.590

0.1267 1.455

0.1267 1.349

0.1267 1.266

0.1267 1.281

0.1333 3.371

0.1333 3.385

0.1333 3.649

0.1333 3.701

0.1333 4.076

0.1333 4.149

0.1333 zi.533

0.1333 4.609

0.1333 5.000

0.1333 5.078

0.1333 5.489

0.1333 I 5.562

0.1333 5.995

0.1333 6.075

0.133316.510

0.1333 6.593

0.1333 6.968

0.1333 7.039

0.1333 7.375

0.1333 7.435

0.1333 7.715

0.1333 7.758

0.1333 8.006

0.1333 8.040

0.1333 8.150

p / p _ V'Zoo

2.048 x 10 -2

x 10 -2

× 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

"rzx/PooV 2

7.026 x 10 -3

6.984 x 10 -3

6.695 x 10 -3

6.625 x 10 -3

6.232 x 10 -3

6.198 x 10 -3

5.896 x 10-3

5.536 x 10-3

5.299 x 10-3

5.129 x 10-3

5.395 x 10-3

1.008 x 10-2

9.899 x 10-3

9.233 x 10-3

9.095 x 10-3

7.841 x 10 -3

7.564 x 10 -3

5.512 x 10 -3

5.077 x 10 -3

3.364 x 10 -3

3.022 x 10 -3

2.107 x 10 -3

1.927 x 10 -3

8.422 x 10 -4

6.307 x 10 -4

-2.861 x 10-4

--4.585 x 10-4

--1.035 x 10-3

--1.128 x 10-3

--1.416 × 10-3

--1.445 x 10-3

--1.826 × 10-3

--1.869 x 10-3

-2.051 x 10-3

--2.062 x 10-3

--2.400 × 10-3

_-zy/PocV_

-3.576 x 10-3

-3.645 × 10-3

-3.818 × 10-3

-3.984 x 10-3

-3.813 × 10 -3

-3.635 x 10 -3

-3.536 × 10 -3

-3.250 x 10 -3

-3.083 x 10 -3

-2.889 x 10 -3

-3.031 × 10 -3

2.685 × 10 -4

2.997 x 10 -4

6.275 × 10 -4

7.066 × 10 -4

8.181 x 10 -4

8.333 × 10 -4

1.015 × 10 -3

1.068 × 10 -3

1.462 × 10 -3

1.564 × 10-3

1.748 x 10-3

1.805 × 10-3

1.885 × 10-3

1.915 × 10-3

2.117 × 10-3

2.165 x 10-3

2.362 x 10-3

2.406 × 10-3

2.493 × 10-3

2.521 × 10-3

2.679 x 10-3

2.724 × 10-3

2.932 × 10 -3

2.980 x 10-3

3.238 × 10 -3

11
5.626 x 10-4 II

5.180 x 10 -4

5.473 x 10 -4

5.773 × 10 -4

5.382 × 10 -4

5.078 x 10 -4

4.346 x 10 -4

3.663 x 10 -4

3.697 x 10 -4

3.611 × 10 -4

3.798 x 10 -4

4.599 x 10 -3

4.596 × 10 -3

4.695 x 10 -3

4.716 x 10 -3

4.658 x 10 -3

4.634 × 10 -3

4.189 × 10 -3

4.091 x 10 -3

3.842 x 10 -3

3.792 x 10 -3

3.750 x 10 -3

3.733 x 10 -3

3.512 × 10 -3

3.465 x 10-3

3.133 x 10-3

3.069 × 10-3

2.933 x 10-3

2.906 x 10-3

2.821 x 10-3

2.804 x 10-3

2.656 x 10-3

2.629 × 10-3

2.542 × 10-3

2.528 x 10-3

2.567 x 10 -3



391

0.6333
0.6400
0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

t'inu_d).

8.206 x io-
8.243 x 10-2

8.282 x 10-2

8.390 x 10 -2

8.402 × 10-2

8.473 × 10-2

8.604 × 10 -2

8.695 × 10 -2

8.993 × 10 -2

9.313 x 10 -2

9.581 x 10 -2

1.002 x 10 -1

1.086 × 10 -1

1.189 x 10 -1

1.278 × 10 -1

1.342 x 10 -1

1.432 x 10 -1

1.519 × 10 -1

1.583 x 10 -1

1.599 x 10 -1

1.585 × 10 -1

1.538 x 10 -1

1.467 x 10-1

1.405 × 10-1

1.291 x 10-1

1.159 × lO-1

1.030 × 10-1

9.271 x 10-2

8.212 x 10-2

7.610 × 10-2

7.154 x 10-2

6.474 x 10-2

5.835 x 10-2

5.292 × lO-2

4.932 × lO-2

4.616 x 10 -2

%x/ poc V_o_

-2.570 x 10-

-2.800 x 10-3

-3.010 x 10-3

-3.680 x 10-3

-3.796 x 10-3

-4.562 × 10-3

-5.556 x 10-3

-6.131 × 10-3

-7.414 x 10-3

-8.244 x 10 -3

-8.862 x 10 -3

-9.067 x 10 -3

-9.404 x 10 -3

-9.050 x 10 -3

-7.658 x 10 -3

-6.128 x 10 -3

-3.801 x 10 -3

-4.707 × 10 -4

3.782 × 10 -3

8.161 x 10-3

1.169 x 10-2

1.529 x 10-2

1.803 x 10-2

1.930 × 10-2

2.041 x 10-2

1.997 x 10-2

1.934 x 10-2

1.853 x 10-2

1.722 x 10-2

1.644 x 10-2

1.576 x 10-2

1.477 x 10-2

1.385 x 10-2

1.319 x 10 -2

1.253 × 10-2

1.196 × 10 -2

 zy/p v 
3.362 x 10 -_

3.580 x 10 -3

3.865 x 10 -3

4.440 x 10 -3

4.643 x 10 -3

5.523 x 10 -3

6.278 x 10 -3

6.754 x 10 -3

8.362 x 10 -3

9.530 x 10 -3

1.048 x 10 -2

1.191 x 10 -2

1.368 x 10 -2

1.517 x 10 -2

1.620 x 10 -2

1.697 x 10 -2

1.758 x 10 -2

1.715 x 10 -2

1.580 x 10 -2

1.369 × 10 -2

1.155 × lO-2

8.711 × 10-3

6.048 × 10-3

4.326 x 10-3

1.142 x lO-3

-1.100 × 10 -3

--2.717 x 10 -3

-3.734 x 10 -3

-4.081 x 10 -3

-4.234 x 10 -3

-4.361 x 10 -3

-4.745 × lO -3

-5.023 × lO -3

-4.996 x 10 -3

-4.771 × lO -3

-4.535 x lO-3

q /P_V__3__-- lO-
2.685 x 10 -3

2.790 × 10 -3

3.085 x 10 -3

3.147 x 10 -3

3.406 x 10 -3

3.718 × 10 -3

3.922 x 10 -3

4.560 x 10 -3

5.018 x 10 -3

5.391 x 10 -3

5.920 x 10 -3

6.688 x 10 -3

7.511 × 10 -3

8.150 × 10 -3

8.662 x 10 -3

9.321 x 10 -3

9.647 x 10 -3

9.769 x 10 -3

9.502 x 10 -3

9.069 x 10 -3

8.475 × 10 -3

7.737 x 10 -3

7.025 x 10 -3

6.044 × 10 -3

5.096 x 10 -3

4.236 x 10-3

3.644 x 10-3

3.054 x 10 -3

2.776 x 10 -3

2.545 x 10-3

2.173 x 10-3

1.910 x 10 -3

1.799 x 10-3

1.647 × 10 -3

1.539 x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-
' " "' tinued)

x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

y/L

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1333

0.1400

0.1400

0.1400

0.1400

0.1400

0.140O1

0.1400

0.1400

0.1400

0.1400

o.!4oo
0.1400

0.1400

0.1400

0.1400

0.1400

4.217 x 10 -2 [

3.918 x 10-2 [
3.572 x 10 -2 I

3.371 x 10 -2

3.175 x 10 -2

2.984 x 10 -2

2.792 x 10 -2

2.631 x 10 -2

2.486 x 10 -2

2.285 x 10 -2

2.148 x 10-2

2.080 x 10-2

1.986 x 10-2

1.879 x 10-2

1.797 x lO-2

1.680 x lO-2

1.496 x 10 -2

1.448 x 10 -2

1.344 x 10 -2

1.295 x 10 -2

3.338 x 10-2

3.400 x 10-2

3.579 x 10 -2

3.713 x 10 -2

3.964 x 10 -2

4.157 x 10 -2

4.425 x 10-2

4.619 x 10 -2

4.893 x 10-2

5.089 x 10-2

5.373 x 10-2

5.573 x 10 -2

5.868 x 10 -2

6.084 x 10 -2

6.383 x 10-2

6.591 x 10-2

rzx/pcoV 2

1.120 x 10-_-

1.062 × 10 -2

9.962 x 10 -3

9.411 x 10 -3

9.068 x 10 -3

8.673 x 10 -3

8.160 x 10 -3

7.537 x 10 -3

7.312 x 10 -3

7.056 x 10-3

6.830 x 10 -3

6.876 x 10-3

6.749 x 10 -3

6.432 x 10 -3

6.283 x 10 -3

6.052 x 10 -3

5.727 x 10-3

5.636 x 10 -3

5.600 x 10-3

5.471 x 10-3

1.020 x 10 -2

9.867 x 10 -3

9.369 x 10 -3

8.992 x 10-3

8.066 x 10-3

7.428 x 10-3

5.979 x 10 -3

5.031 x 10-3

3.804 x 10 -3

3.043 x 10 -3

2.383 x 10 -3

1.918 x 10-3

1.218 x 10-3

6.607 x 10-4

7.334 x 10 -5

-4.286 x 10 -4

 v_L
-4.471 x 10-°

-4.465 x 10-3

-4.844 x 10-3

-4.508 x 10-3

-4.168 x 10 -3

-4.291 x 10 -3

-3.911 x 10 -3

-3.835 x 10 -3

-3.874 x 10 -3

-3.794 x 10 -3

-3.772 x 10-3

-3.902 x 10-3

-4.123 x 10-3

-3.996 x 10-3

-3.909 x 10-3

-3.832 x 10 -3

-3.468 x 10 -3

-3.387 x 10 -3

-3.163 x 10 -3

-3.072 x 10 -3

2.839 x 10 -4

3.569 x 10 -4

6.379 x 10 -4

7.308 x 10 -4

8.514 x 10 -4

8.743 x 10-4

1.036 x 10 -3

1.096 x 10 -3

1.355 × 10 -3

1.545 x 10 -3

1.676 x 10 -3

1.811 × 10 -3

1.910 x 10-3

1.950 x 10-3

2.120 x 10 -3

2.195 x 10 -3

(t" / P_ooV_ 3-
1.363 x 10-

1.171 X 10-3

1.034 x 10-3

9.759 x 10-4

9.441 x 10 -4

8.804 x 10 -4

7.964 x 10 -4

7.208 x 10 -4

6.677 x 10 -4

6.453 x 10-4

6.265 × 10 -4

5.658 x 10-4

6.030 x 10-4

5.475 × 10 -4

5.124 x 10 -4

4.607 x 10 -4

4.057 × 10 -4

3.936 x 10 -4

3.922 x 10-4

3.851 x 10 -4

4.574 x 10-3

4.581 x 10-3

4.611 x 10 -3

4.677 x 10 -3

4.604 x 10 -3

4.583 x 10 -3

4.271 x 10-3

4.078 × 10-3

3.876 x 10-3

3.799 x 10 -3

3.765 x 10 -3

3.727 × 10 -3

3.594 x 10-3

3.460 × 10-3

3.245 x 10-3

3.082 x 10-3
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TableA.4: Surfacevariablesonupper
* _, .... tidued)". _ _ "

x/L y/L

.0.14000.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

O.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.74OO

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

0.1400

6.840 x 10-

7_034 x 10-2

7.252 x 10 -2

7.426 x 10 -2

7.602 x 10 -2

7.751 × 10 -2

7.887 × 10 -2

8.007 x 10 -2

8.030 x 10 -2

8.135 x 10 -2

8.207 x 10 -2

8.268 × 10 -2

8.305 x 10 -2

8.331 × 10 -2

8.431 x 10 -2

8.447 x 10 -2

8.625 x 10 -2

8.651 x 10 -2

9.077 x 10 -2

9.129 x 10 -2

9.817 x 10 -2

1.058 × 10 -1

1.111 x 10 -1

1.183 x 10-1

1.293 x 10-1

1.399 × 10-1

1.467 x 10-1

1.515 x 10-1

1.555 x 10-1

1.574 x 10-1

1.558 × 10-1

1.500 x 10-1

1.408 x 10-1

1.317 x 10-1

1.202 × 10-1

1.132 x 10-1

plate, fine grid (con-

 zx/p v 
-8.202 × 10 -4

-1.095 x 10 -3

-1.267 × 10 -3

-1.451 x 10 -3

-1.695 x 10 -3

-1.827 x 10 -3

-1.872 x 10 -3

-2.005 x 10 -3

-2.028 x 10 -3

-2.364 × 10-3

-2.645 x 10-3

-2.909 x 10 -3

-3.187 × 10-3

-3.353 x 10-3

-4.404 x 10-3

-4.545 x 10 -3

-5.876 x 10-3

-5.992 x 10-3

-7.294 x 10-3

-7.404 x 10-3

-8.487 x 10-3

-8.998 × 10-3

-8.498 x 10-3

-7.910 x 10-3

-6.500 x 10-3

-4.225 x 10-3

-1.689 × 10-3

1.364 x 10 -3

5.117 × 10 -3

9.053 × 10 -3

1.279 x 10 -2

1.614 x 10 -2

1.878 x 10 -2

1.999 x lO -2

2.005 x lO-2

1.981 x lO -2

Tzy/Poo v2
2.360 X i0 -_

2.409 × 10-3

2.473 x 10-3

2.537 × 10-3

2.671 x 10 -3

2.766 x 10 -3

2.966 × 10 -3

3.078 × 10 -3

3.324 × 10 -3

3.466 x 10 -3

3.696 × 10 -3

3.825 X 10 -3

4.372 × 10 -3

4.695 × 10 -3

5.570 × 10 -3

5.699 × 10 -3

7.288 X 10 -3

7.423 X 10 -3

9.339 × 10-3

9.597 x 10-3

1.183 x 10-2

1.342 x 10-2

1.444 × 10-2

1.546 × 10-2

1.693 × 10-2

1.789 X 10-2

1.764 x 10-2

1.699 x 10-2

1.603 × 10-2

1.413 x 10-2

1.139 x 10 -2

8.418 × 10 -3

5.004 X 10 -3

2.163 x 10 -3

--3.818 x 10-4

--1.343 x 10-3

q IPoo_T__
lO-°

2.907 x 10 -3

2.843 x 10 -3

2.786 x 10 -3

2.667 x 10 -3

2.618 x 10 -3

2.549 x 10 -3

2.522 x 10 -3

2.505 x 10 -3

2.572 x 10 -3

2.667 x 10 -3

2.756 x 10-3

2.955 x 10-3

3.078 x 10 -3

3.360 x 10 -3

3.405 x 10 -3

3.922 x 10 -3

3.976 x 10-3

4.747 x 10-3

4.833 x 10-3

5.674 x 10-3

6.423 x 10-3

6.891 x 10-3

7.491 x 10-3

8.322 x 10-3

9.112 x 10-3

9.329 x 10 -3

9.489 x 10 -3

9.518 x 10 -3

9.259 x 10 -3

8.740 x 10 -3

7.968 x 10 -3

7.138 x 10 -3

6,306 x 10 -3

5.429 x 10 -3

4.920 x 10 -3
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x/L
0.8133

O.82O0

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000_

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

O.5OOO

0.5067

Table A.4: Surface variables on upper plate, fine grid (con-

y/L

0.1400

0.1400 9.394

0.1400 8.356

0.1400 7.495

0.1400 6.806

0.1400 6.326

0.1400 5.871

O.1400 5.205

O.1400 4.735

O.1400 4.477

0.1400 4.240

0.1400 4.046

0.1400 3.768

0.14001 3.515

0.1400 J 3.314

0.14001 3.073

O.I400 2.835

0.1400 2.669

0.1400 2.404

0.1400 2.318

0.1400 2.213

0.1400 2.191

0.1400 1.966

0.1400 1.926

0.1400 1.754

0.1400 1.694

0.1400 1.496

0.1400 1.479

0.1400 1.386

0.1467 3.279

0.1467 3.446

0.1467 3.471

0.1467 3.751

0.1467 3.791

0.1467 4.206

0.1467 4.268

P/PooV_

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

× 10-2

x 10-2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10 -2

x 10 -2

x I0 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

× 10 -2

x 10 -2

× 10 -2

× 10 -2

x 10-2

x 10-2

x 10-2

rzx/pooV 2

1.868 x 10-2

1.756 x 10-2

1.637 x 10-2

1.550 x 10-2

1.478 × 10-2

1.422 x 10-2

1.312 x 10 -2

1.228 x 10 -2

1.167 x 10 -2

1.131 x 10 -2

1.117 x 10-2

1.039 x 10-2

9.668 x l0 -3

9.234 × l0 -3

8.511 × 10 -3

7.936 x I0 -3

7.579 x t0 -3

7.283 x 10-3

7.123 x 10-3

6.930 x 10-3

6.848 x 10-3

6.489 x 10.3

6.360 x 10 .3

6.314 x 10.3

6.367 x 10 -3

6.158 × 10-3

6.160 × 10-3

6.142 × 10-3

1.039 x 10-2

9.720 x 10-3

9.612 ×10 -3

8.602 x 10 -3

8.436 × 10 -3

6.940 x 10 -3

6.682 x 10 -3

Tz/pooVL
-2.737 x 10-3

-3.953 x 10 -3

-4.431 x 10-3

-4.664 x 10-3

-5.063 x 10 -3

-5.178 x 10 -3

-5.321 x 10-3

-5.082 x 10-3

-5.107 x 10-3

-4.923 x 10 -3

-4.947 x 10-3

-5.208 x 10 -3

-5.124 × 10-3

-4.734 x 10-3

-4.601 x 10-3

-4.410 x 10-3

-4.030 × I0 -3

-4.025 × 10 -3

-3.947 × 10-3

-4.222 x 10 -3

-4.284 × 10 -3

-4.332 x 10 -3

-4.082 x 10-3

-3.976 × 10-3

-3.837 × 10-3

-3.780 x 10-3

-3.530 x 10 -3

-3.497 x 10 -3

-3.154 × 10 -3

2.692 x 10-4

5.973 x 10 -4

6.643 × 10-4

8.601 x 10-4

9.040 x 10 -4

1.043 x 10-3

1.069 x 10 -3

4.320 × 10-

3.686 x 10 -3

3.153 x 10 -3

2.647 x 10-3

2.338 × 10 -3

2.119 x 10 -3

1.989 x 10 -3

1.704 × 10 -3

1.583 × 10 -3

1.420 x 10 -3

1.328 x 10 -3

1.294x 10 -3

1.186 x 10 -3

1.011 × 10-3

9.133 x 10 -4

8.617 x 10 -4

7.717 x 10 -4

6.876 x 10 -4

6.803 x 10-4

6.951 × 10-4

6.354 x 10-4

6.106 × 10 -4

5.473 × 10-4

5.098 x 10-4

4.762 x 10-4

4.681 x 10 -4

4.210 x 10 -4

4.198 x 10-4

4.346 x 10-4

4.534 x 10 -3

4.493 x 10 -3

4.478 x 10 -3

4.541 × 10 -3

4.537 x 10 -3

4.438 x 10 -3

4.411 x 10 -3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
..... timmd).

0.5200
0.5267
0.5333
0.5400
0.5467
0.5533
0.5600
0.5667
0.5733
0.5800
0.5867
0.5933
0.6000
0.6067
0.6133
O.62OO
0.6267
0.6333
0.6400
0.6467
O.6533
0.6600
0.6667
0.6733
0.6800
0.6867
0.6933
0.7000
0.7067
0.7133
0.7200
0.7267
0.7333
0.7400
O.7467

t y/L
0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0..1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0,1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467]

0.1467

0.1467

0.1467

P/PooV2__2_,
4.675x i0-

4.737 × 10-2

5.147 x 10 -2

5.211 x 10-2

5.625 x 10-2

5.689 x 10.2

6.141 x 10.2

6.212 x 10-2

6.604 x 10-2

6.664 x 10-2

7.034 x 10 .2

7.091 x 10 -2

7.403 x 10 .2

7.450 x 10 -2

7.749 x 10 -2

7.795 x 10 -2

7.964 x 10 -2

7.996 x 10 .2

8.091 x 10 -2

8.133 x 10 -2

8.192 x 10-2

8.207 x 10-2

8.292 x 10-2

8.296 x 10.2

8.390 x 10.2

8.430 x 10-2

8.598 x 10-2

8.710 x 10 -2

9.069 x 10 -2

9.609 x 10 -2

9.949 x 10 -2

1.053 x 10 -1

1.153 x 10 -1

1.243 x 10 -1

1.295 x 10-1

1.379 x 10-1

4.723 x 10-3

4.398 x 10 -3

2.973 x 10-3

2.747 x 10-3

1.893 x 10-3

1.764 x 10 -3

7.356 x 10-4

5.894 x 10 -4

-4.169 x 10-4

-5.685 x 10 -4

-1.004 x 10 -3

-1.069 x 10 -3

-1.501 x 10 -3

-1.575 x 10 -3

-1.681 x 10 -3

-1.694 x 10 -3

-1.879 x 10 -3

-1.908 x 10 -3

-2.197 x 10 -3

-2.307 x 10-3

-2.576 x 10-3

--2.646 x 10-3

-3.191 x 10-3

-3.294 x 10-3

-4.269 x 10-3

-4.607 x 10-3

-5.695 x 10 -3

-6.093 x 10 -3

-7.106 x 10 -3

-8.050 x 10 -3

-8.095 x 10-3

-8.251 x 10-3

-7.611 x 10-3

-6.519 x 10-3

-5.495 x 10-3

-3.732 x 10-3

rzy/p_V 2

1.158 x 10 -3

1.175 x 10 -3

1.494 × 10 -3

1.539 x 10 -3

1.887 x 10-3

1.942 x 10-3

2.083 x 10-3

2.111 x 10-3

2.333 x 10-3

2.370 x 10-3

2.419 × 10 -3

2.420 x 10 -3

2.600 × 10 -3

2.621 x 10 -3

2.956 x 10 -3

3.010 x l0 -3

3.314 × l0 -3

3.386 x 10 -3

3.535 x l0 -3

3.603 x 10-3

4.009 x 10-3

4.342 x 10-3

4.804 x 10-3

5.142 x 10-3

6.011 x 10-3

6.396 x 10-3

7.661 x 10-3

8.270 x 10 -3

9.810 x l0 -3

1.161 x 10 -2

1.261 × 10 -2

1.388 × 10 -2

1.528 x 10 -2

1.674 x 10 -2

1.737 x 10-2

1.782 x 10-2

3.972 x 10-3 I]

3.894 x 10-3
3.808 x 10-3

3.791 x 10-3

3.736 x 10-3

3.730 x 10-3

3.444 x 10 -3

3.404 x 10 -3

3.090 x 10 -3

3.044 x 10 -3

2.902 x 10 -3

2.881 x 10 -3

2.703 x 10 -3

2.672 x 10 -3

2.563 x 10 -3

2.542 x 10 -3

2.491 x 10 -3

2.477 x 10 -3

2.535 x 10 -3

2.552 × 10-3

2.721 × 10 -3

2.815 × 10 -3

3.036 x 10 -3

3.102 × 10 -3

3.390 x 10 -3

3.515 x 10 -3

4.022 × 10 -3

4.249 x 10 -3

4.785 x 10 -3

5.444 × 10 -3

5.793 x 10-3

6.388 x 10-3

7.262 x 10-3

7.936 x 10-3

8.204 x 10-3

8.688 x 10-3
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Table A.4: Surface

tinued). "

variables on upper plate, fine grid (con-

x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

y/L

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.I467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

0.1467

P/P°°V_ 1
1.469 × 10-

1:529 × 10 -1

1.556 x 10 -1

1.554 x 10-1

1.540 x 10-I

1.486 × 10-1

1.391 x 10-1

1.297 x I0 -1

1.197 x 10-1

1.090 x 10-1

9.841 x 10 -2

9.368 x 10 -2

8.587 x 10 -2

7.612 x 10 -2

6.875 x 10-2

6.591 x 10 -2

5.885 × 10-2

5.304 x 10-2

5.097 x 10-2

4.712 x 10-2

4.367 x 10 -2

4.049 x 10-2

3.707 x 10 -2

3.480 x 10 -2

3.224 x 10 -2

3.032 x 10 -2

2.916 x 10 -2

2.724 x 10 -2

2.465 × 10 -2

2.542 × 10-2

2.296 x 10-2

2.271 x 10 -2

1.952 x 10 -2

1.892 x 10 -2

1.723 x 10 -2

1.625 x 10 -2

"rzx/PocV2_

-3.922 x 10 -4

3.852 x 10 -3

7.645 x 10-3

1.076 x 10 -2

1.315 x 10 -2

1.616 x 10 -2

1.875 x 10 -2

1.983 x 10-2

1.978 x 10-2

1.958 x 10-2

1.898 x 10 -2

1.834 x 10 -2

1.764 x 10 -2

1.669 x 10 -2

1.554 x 10 -2

1.511 x 10 -2

1.402 x 10 -2

1.314 x 10 -2

1.277 x 10 -2

1.207 x 10 -2

1.182 x 10 -2

1.086 x 10 -2

1.011 x 10 -2

9.712 x 10 -3

8.913 x 10 -3

8.452 x 10 -3

8.178 x 10 -3

7.752 x 10 -3

7.165 x 10 -3

6.968 x 10 -3

6.683 x 10-3

6.650 x 10-3

6.365 x 10-3

6.497 x 10-3

6.447 x 10-3

6.484 x 10 -3

Tzy/pe_V 2
1.777 x 10 -002

1.701 x 10 -2

1.525 x 10 -2

1.317 x 10 -2

1.174 x 10 -2

8.396 x 10 -3

4.857 x 10-3

1.586 x l0 -3

2.621 x 10-5

-1.918 × 10-3

-3.326 × 10 -3

-3.724 x 10 -3

-4.475 × 10-3

-4.846 × 10-3

=5.038 x 10-3

-5.275 × 10-3

-5.231 x 10-3

-5.411 x 10 -3

-5.378 x 10 -3

-5.418 x 10 -3

-5.579 x 10 -3

-5.266 x 10 -3

-4.975 x 10 -3

-4.827 x 10-3

-4.781 x 10-3

-4.512 x 10-3

-4.539 x 10-3

-4.473 x 10-3

-4.504 x 10 -3

-4.654 x 10 -3

-4.435 x 10-3

-4.405 x 10 -3

-3.979 x 10-3

-3.971 x 10-3

-3.822 x 10-3

-3.735 x 10-3

9.254 x 10-3

9.447 x 10 -3

9.255 x 10 -3

8.882 x 10 .3

8.444 x 10 -3

7.830 x 10 -3

6.913 x 10 -3

6.123 x 10 -3

5.306 × 10 -3

4.578 x 10 -3

3.872 x 10 -3

3.583 x 10-3

3.134 x 10-3

2.674 x 10-3

2.329 x 10-3

2.250 x 10 -3

1.905 x 10 -3

1.681 x 10 -3

1.601 x 10 -3

1.471 x 10-3

1.453 x 10 -3

1.296 x 10 -3

1.089 x 10-3

9.553 x i0 -4

9.058 x 10-4

8.196 x 10 -4

7.601 x 10 -4

7.002 x 10 -4

6.866 x 10 -4

6.168 x 10 -4

5.460 x 10-4

5.389 x 10-4

5.067 x 10-4

4.922 x 10-4

4.695 x 10-4

4.431 x 10 -4

,.;"
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Table A.4: Surface variables on upper plate, fine grid (con-
timied): "

h

x/L_ L_y/L -

0.99330.1467
1.0000 0.1467

0.46670.1533
0.4733 0.1533

0.4800 0.1533

0.4867 0.1533

0.4933 0.1533

0.5000 0.1533

0.5067 0.1533

0.5133 0.1533

0.5200 0.1533

0.5267 0.1533

0.5333 0.1533

0.5400 0.1533

0.5467 0.1533

0.5533 0.1533

0.5600 0.1533

0.5667 0.1533

0.5733 0.1533

0.5800 0.1533

0.5867 0.1533

0.5933 0.1533

0.6000 0.1533 [

0.6067 0.1533 [

0.6133 0.1533

0.6200 0.1533

0.6267 0.1533

0.6333 0.1533

0.6400 0.1533

0.6467 0.1533

0.6533i 0.1533

0.6600 0.1533

0.6667 0.1533

0.6733 0.1533

0.6800 0.1533

0.6867 0.1533

P/PooV_

1:415 × 10 -2

3.307 x 10 -2

3.371 x 10 -2

3.507 x 10 -2

3.617 x 10 -2

3.839 × 10 -2

4.002 x 10 -2

4.301 × 10 -2

4.480 x 10 -2

4.766 x 10 -2

4.938 x l0 -2

5.244 x l0 -2

5.425 x 10-2

5.720 x 10-2

5.903 x 10-2

6.223 x 10 -2

6.390 x 10 -2

6.667 x 10 -2

6.811 x 10 -2

7.080 × 10 -2

7.205 x l0 -2

7.441 x l0 -2

7.552 x l0 -2

7.754 x 10 -2

7.816 x l0 -2

7.955 x 10-2

8.008 x 10-2

8.118 × 10-2

8.146 x 10-2

8.196 x 10-2

8.236 x 10-2

8.280 x l0 -2

8.352 x 10 -2

8.380 x 10 -2

8.478 x 10 -2

rzx/p_V 2

6.220 x 10 -3

1.033 x 10 -2

1.009 x 10 -2

9.452 x 10 -3

8.995 x 10 -3

8.356 x 10 -3

7.859 × 10 -3

6.672 x 10 -3

5.986 × 10-3

4.458 x 10 -3

3.792 x 10 -3

2.841 x 10 -3

2.462 x 10 -3

1.713 x 10 -3

1.291 x 10 -3

5.140 × 10 -4

8.622 x 10 -5

-4.886 x 10 -4

-6.924 x 10 -4

-1.041 x 10 -3

-1.192 x 10 -3

- 1.455 x 10 -3

-1.481 x 10 -3

-1.621 x 10 -3

-1.644 x 10 -3

-1.853 × 10 -3

-1.974 x 10 -3

-2.259 × 10 -3

-2.344 x 10 -3

-2.593 x 10 -3

-2.915 × 10 -3

-3.184 x 10 -3

-4.041 x 10 -3

-4.331 x 10 -3

-5.038 x 10 -3

_-z /P_ V'z

-3.231 x 10-3

3.479 x 10 -4

4.195 x 10 -4

6.002 x 10 .4

6.636 x 10 -4

9.635 x 10 -4

1.111 x 10-3

1.085 x 10 -3

1.104 x 10 -3

1.207 x 10-3

1.311 x 10-3

1.601 x l0 -3

1.776 x l0 -3

1.951 x 10-3

2.038 x 10-3

2.194 x 10-3

2.330 x 10-3

2.431 x 10 -3

2.506 x 10 -3

2.537 x 10 -3

2.646 x 10 -3

2.754 x 10-3

2.911 x l0 -3

3.068 × 10-3

3.193 x 10-3

3.364 x 10-3

3.457 x 10-3

3.625 x 10-3

3.985 x 10 -3

4.334 x 10 -3

4.847 x 10 -3

5.115 x l0 -3

5.988 x 10 -3

6.309 x l0 -3

7.267 x 10 -3

4.263 x 10-

4.374 x 10 -4

4.527 x 10 -3

4.504 x 10 -3

4.507 x 10 -3

4.530 × 10 -3

4.560 x 10 -3

4.557 x 10 -3

4.383 x 10 -3

4.248 x 10 -3

3.976 x 10 -3

3.919 x 10-3

3.816 x 10 -3

3.788 x 10 -3

3.678 x 10 -3

3.567 x 10 -3

3.361 x 10 -3

3.224 x 10 -3

3.037 x 10 -3

2.952 x 10 -3

2.845 x 10 -3

2.764 x 10 -3

2.672 × 10 -3

2.625 x 10 -3

2.553 x 10 -3

2.529 x 10 -3

2.484 x 10 -3

2.487 x 10 -3

2.557 x 10 -3

2.681 x 10 -3

2.802 × 10 -3

2.974 x i0 -3

3.077 x 10 -3

3.349 x 10 -3

3.468 x 10 -3

3.846 x 10 -3
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x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667 I

0.77331

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.1533

0.1533 8.991

0.1533 9.196

0.1533 9.539

0.1533 1.035

0.1533 1.087

0.1533 1.139

0.1533 1.236

0.1533 1.341

0.1533 1.403

0.1533 1.452

0.1533 1.504

0.1533 1.530

0.1533 1.520

0.1533 1.499

0.1533 I 1.458

0.1533 1.381

0.1533 1.298

0.1533 1.216

0.1533 1.124

0.1533 1.003

0.1533 9.189

0.153318.580

0.1533 7.758

0.1533 7.112

0.1533 6.726

0.1533 6.012

0.1533 5.572

0.1533 5.O44

0.1533 4.684

0.1533 4.364

0.1533 4.013

0.1533 3.850

0.1533 3.649

0.1533 3.388

0.1533 3.148

P/pc_V_ 2
8.596 x 10-

× 10 -2

x 10 -2

× 10 -2

× 10 -1

× 10 -1

x 10 -1

x 10 -1

x 10 -1

× 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

× 10 -1

x 10 -1

x 10-1

x 10-1

x 10-1

× 10-1

x 10-1

x 10-2

x 10-2

x 10-2

x t0 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

Tzx/ P_ V 2

--5.687_ X. 10-3

--6.895 X 10-3

--7.125 X 10-3

--7.689 x 10-3

--8.047 × 10-3

--7.423 x 10-3

--7.086 × 10-3

--5.998 X 10-3

--3.643 X 10-3

--9.478 X 10-4

1.493 X 10 -3

4.829 × 10 -3

8.631 x 10 -3

1.163 X 10 -2

1.398 × 10 -2

1.686 × 10 -2

1.883 × 10 -2

1.930 X 10 -2

1.9_66 × 10 -2

1.970 × 10 -2

1.866 x 10 -2

1.804 × 10 -2

1.753 × 10 -2

1.671 × 10 -2

1.592 × 10 -2

1.555 × 10 -2

1.458 × 10 -2

1.390 × 10 -2

1.295 X 10 -2

1.233 X 10 -2

1.145 x 10 -2

1.075 X 10 -2

1.047 x 10 -2

1.006 X 10 -2

9.345 × 10 -3

8.638 X 10 -3

2

8.054 x 10-3

9.790 x 10-3

1.075 x 10-2

1.198 x 10-2

1.395 x 10-2

1.497 × 10-2

1.585 x 10 -2

1.722 x 10 -2

1.775 x 10 -2

1.819 x 10 -2

1.806 x 10 -2

1.701 x 10 -2

1.505 x 10 -2

1.293 x lO -2

1.098 x lO -2

7.952 x lO -3

4.807 x 10 -3

2.659 x 10-3

6.300 x lO-4

-1.243 x 10-3

-3.161 x lO -3

-3.818 x 10-3

-4.325 x 10-3

-4.954 × 10-3

-5.292 x 10-3

-5.398 × 10-3

-5.634 x 10 -3

-5.517 × 10 -3

-5.502 x 10-3

-5.532 x 10-3

-5.444 x 10 -3

-5.403 x 10 -3

-5.464 × 10 -3

-5.432 x 10 -3

-5.290 x 10 -3

-4.925 x 10 -3

• _,_t ". r3

q /Poo_
4.129x 10-

4.710 x 10 -3

4.960 x 10 -3

5.358 × 10 -3

6.203 × 10 -3

6.671 × 10 -3

7.121 x 10 -3

7.724 x 10 -3

8.397 x 10 -3

8.780 x 10 -3

9.024 x 10 -3

9.147 × 10 -3

8.890 × 10 -3

8.518 × 10 -3

_.186 × 10 -3

7.626 x 10 -3

6.848 x 10 -3

6.039 x 10 -3

5.333 x 10 -3

4.695 x 10 -3

3.900 × 10 -3

3.433 x 10 -3

3.105 x 10 -3

2.728 × 10 -3

2.450 × 10 -3

2.279 x 10 -3

1.999 × 10 -3

1.787 × 10 -3

1.577 x 10 -3

1.474 × 10 -3

1.367 × 10 -3

1.199 × 10 -3

1.117 × 10 -3

1.036 × 10 -3

9.536 x 10 -4

8.129 × 10 -4
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Table A.4: Surface variables on upper plate, fine grid (con-

"_ v 'tlnued).

x/L y/L

0.9333. 0_1533

0.9400 0.1533

0.9467 0.1533

0.9533 0.1533

0.9600 0.1533

0.9667 0.1533

0.9733 0.1533

0.9800 0.1533

0.9867 0.1533

0.9933 0.1533

1.0000 0.1533

0.4667 0.1600

0.4733 0.1600

0.4800 0.1600

0.4867 0.1600

0.4933 0.1600

0.5000 0.1600

0.5067 0.1600

0.5133 0.1600

0.5200 0.1600

0.5267 0.1600

0.5333 0.1600

0.5400 0.1600

0.5467 0.1600

0.5533 0.1600

0.5600 0.1600

0.5667 0.1600

0.5733 0.1600

0.5800 0.1600 i

0.5867 0.1600

0.593310.1600

0.6000 0.1600

0.6067 0.1600

0.6133 0.1600

0.6200 0.1600

0.6267 0.1600

2.962 x !-67..

2:888 x 10-2

2.617 x 10-2

2.620 x l0 -2

2.427 x 10-2

2.353 x 10-2

2.031 x 10 -2

1.856 x 10 -2

1.726 x 10 -2

1.628 x 10 -2

1.558 x 10-2

3.320 x 10-2

3.340 x 10 -2

3.526 x 10-2

3.565 x 10-2

3.865 x 10-2

3.930 x 10-2

4.327 x 10-2

4.414 x l0 -2

4.784 x l0 -2

4.864 x 10-2

5.267 x l0 -2

5.357 x 10-2

5.735 x 10 -2

5.820 x l0 -2

6.231 x 10 -2

6.320 x 10-2

6.661 x 10-2

6.737 x 10 -2

7.065 x 10-2

7.138 x l0 -2

7.427 x 10-2

7.492 x l0 -2

7.721 × l0 -2

7.775 x 10-2

7.918 x 10-2

rzx/Poo V2 --

7.987 x 10 -a

7.781 x 10 -3

7.001 x l0 -3

7.172 x 10 -3

6.889 x 10-3

6.857 x 10-3

6.745 x 10-3

6.774 x 10-3

6.775 x 10-3

6.712 x 10-3

6.656 x 10-3

1.031 x 10-2

1.025 x 10-2

9.309 x 10-3

9.125 x 10-3

8.364 x 10-3

8.205 × 10-3

6.747 x 10-3

6.439 x 10 -3

4.480 x 10 -3

4.049 x 10 -3

2.913 x 10 -3

2.666 x 10-3

1.690 x 10-3

1.490 x 10-3

4.474 x 10-4

2.328 x 10-4

-4.363 x 10-4

-5.887 x l0 -4

-1.005 × 10-3

-1.099 x 10-3

-1.351 x 10 -3

-1.415 x 10 -3

-1.531 x 10 -3

-1.570 x l0 -3

-1.779 × l0 -3

rzy / Poo V 2
-4.869 X i0 -3

-4.861 x 10-a

-4.743 x 10 -3

-4.790 x 10-a

-4.579 x 10-a

-4.497 x 10 -a

-4.134 x 10 -3

-4.031 x 10 -3

-3.922 x 10 -3

-3.726 x 10 -3

-3.620 x 10 -3

3.719 x 10-4

3.544 x l0 -4

5.363 x 10-4

5.732 x 10-4

1.056 x 10-3

1.156 x l0 -3

1.091 x 10 -3

1.076 x 10 -3

1.217 x 10 -3

1.232 x 10 -3

1.677 x 10 -3

1.749 x 10 -3

1.978 x 10 -3

2.016 x 10 -3

2.282 x 10-3

2.334 x 10-3

2.517 x 10-3

2.535 x 10-3

2.654 x 10-3

2.656 x 10-3

2.888 x 10-3

2.903 × 10 -3

3.134 x 10 -3

3.165 x 10 -3

3.363 x 10 -3

_t" / Poo Va_m

7.389 x iO -_

7.112 x 10 -4

6.123 x 10 -4

6.278 x 10 -4

5.820 x 10 -4

5.682 x 10 -4

4.994 x 10 -4

4.747 x 10 -4

4.575 x 10 -4

4.542 x 10 -4

4.555 x 10-4

4.512 x 10-3

4.503 x 10-3

4.526 x 10 -3

4.527 x 10-3

4.605 x 10 -3

4.615 x 10 -3

4.392 x 10 -3

4.339 x 10 -3

4.033 x 10 -3

3.956 x 10 -3

3.840 x 10 -3

3.814 × 10 -3

3.648 x 10 -3

3.612 x 10 -3

3.324 × 10-3

3.267 x 10-3

3.014 × 10-3

2.968 x 10-3

2.812 x 10-3

2.780 x 10-3

2.670 x 10-3

2.644 x 10-3

2.560 x 10 -3

2.539 x 10 -3

2.470 x 10 -3
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x/L
0.6333

O.64OO

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

O.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-
finhed)" '_

y/L

0.1600

0.1600

O.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

O.1600

O.16OO

0.1600

0.1600

0.1600

O.1600

0.1600

O.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

O.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

O.1600

0.1600

0.1600

0.1600

p/p_V 2

7.959 x 10 -2

8.061 x 10 -2

8.094 x 10 -2

8.133 × 10 -2

8.138 x 10 -2

8.209 × 10 -2

8.226 x 10-2

8.324 × 10 -2

8.350 x 10-2

8.502 × 10 -2

8.700 x 10 -2

8.861 x 10 -2

9.427 × 10 -2

9.678 × 10 -2

1.015 x 10 -1

1.100 × 10 -1

1.169 x 10 -1

1.213 × 10 -1

1.316 x 10-1

1.400 x 10-1

1.471 x 10-1

1.484 x 10-1

1.495 x 10-1

1.493 × 10-1

1.464 × 10-1

1.419 × 10 -1

1.378 x 10-1

1.271 x 10-1

1.159 x 10-1

1.126 × 10-1

1.033 x 10-1

9.063 x 10-2

8.594 x 10 -2

7.904 x 10 -2

7.287 x 10 -2

6.713 × 10 -2

"rzx/P_V2_

=1._846 x.lO -:_

-2.016 × 10-3

-2.052 × 10-3

-2.350 × 10-3

-2.413 × 10-3

-2.954 x 10-3

-3.133 x 10-3

-4.087 x 10-3

-4.322 x 10-3

-5.370 x 10 -3

-5.873 x 10 -3

-6.323 x 10-3

-7.284 x 10-3

-7.144 × 10-3

-7.055 x 10 -3

-6.483 x 10 -3

-5.727 x 10 -3

-5.252 x 10-3

-3.062 × 10 -3

4.022 x 10 -4

4.021 x l0 -3

6.206 × 10-3

8,900 x 10 -3

1.209 × 10 -2

1.565 x 10 -2

1.700 x 10 -2

1.814 × 10-2

1.949 × 10 -2

1.965 × 10-2

1.951 × 10-2

1.896 × 10-2

1.802 × 10-2

1.754 x 10 -2

1.693 × 10-2

1.626 x 10-2

1.568 x 10-2

T " V 2
zy/Peo cx_

3.395 × 10-3

3.690 x 10-3

3.747 x 10-3

4.444 × 10-3

4.668 × 10-3

5.265 x 10 -3

5.579 × 10-3

6.452 × 10 -3

6.744 x 10-3

8.151 × 10 -3

9.178 x 10 -3

9.987 x 10 -3

1.208 × 10 -2

1.282 × 10 -2

1.420 × 10 -2:

1.576 × 10 -2

1.666 x 10 -2

1.723 x 10-2

1.827 x 10 -2

1.849 × 10 -2

1.752 × 10-2

1.657 × 10-2

1.532 x 10 -2

1.274 x 10 -2

9.345 x 10 -3

7.372 x 10 -3

5.716 × 10-3

1.929 x 10 -3

-6.800 x 10 -4

-9.665 x 10-4

-2.636 x 10-3

-3.984 x 10-3

-4.566 × 10-3

-5.046 x 10-3

-5.187 × 10 -3

-5.312 × 10 -3

£1"/pc_V_

2.454 x 10-:_

2.568 x 10-3

2.598 x 10-3

2.787 x 10-3

2.847 x 10-3

3.052 x 10-3

3.148 x 10-3

3.517 x 10-3

3.628 x 10-3

4.119 x 10-3

4.372 x 10 -3

4.575 x 10 -3

5.300 x 10 -3

5.558 x 10 -3

6.038 x 10 -3

6.854 x 10-3

7.298 x 10-3

7.591 x 10-3

8.201 x 10 -3

8.709 x 10-3

8.959 x 10-3

8.756 x 10-3

8.665 x 10 -3

8.312 x 10 -3

7.717 x 10 -3

7.207 × 10 -3

6.698 × 10-3

5.678 × 10 -3

4.833 x 10 -3

4.610 x 10-3

3.981 x 10-3

3.265 x 10 -3

3.071 x 10 -3

2.744 × 10 -3

2.485 x 10 -3

2.264 x 10-3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
'ti_ued). " '

,z

x/L y/L

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200]

0.92671

0.9333

0.9400

O.9467

O.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.1600
P / P_ V_2__

6.028 x 10-

5.'657 x 10 -2

5.405 × 10 -2

4.723 x 10 -2

4.623 x 10 -2

4.224 x 10 -2

3.891 x lO -2

3.625 x 10 -2

3.553 × 10-2

3.403 x 10-2

3.107 x 10-2

2.956 x 10-2

2.777 x 10-2

2.600 x 10-2

2.509 x 10-2

2.326 x 10-2

2.133 x lO-2

1.887 x lO-2

1.817 x lO-2

1.646 x lO -2

3.234 x lO -2

3.363 x 10 -2

3.403 x 10 -2

3.593 x 10-2

3.652 x 10-2

3.948 x 10-2

4.029 × lO-2

4.428 x 10-2

4.528 x 10-2

4.871 x 10-2

4.962 x 10 -2

5.345 x 10 -2

5.443 x lO -2

5.847 x lO-2

5.956 x 10-2

6.320 x 10-2

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1600

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667!

0.1667

0.1667

0.1667

0.1667

_-zx/pocV 2

1.384 x 10-2

1.314 x 10 -2

1.161 x 10-2

1.142 x 10-2

1.098 x 10-2

1.050 × 10-2

9.680 x 10-3

9.484 x 10-3

9.112 x 10 -3

8.306 x 10 -3

7.914 x 10 -3

7.424 x 10 -3

7.294 x 10 -3

7.283 x 10 -3

7.159 x 10 -3

6.997 × 10 -3

7.001 x 10-3

7.019 x 10-3

6.866 x 10-3

1.046 x 10-2

9.973 × 10-3

9.776 x 10-3

9.106 x 10-3

8.921 x 10 -3

8.101 x 10 -3

7.857 x 10 -3

6.433 x 10 -3

6.062 x 10 -3

4.164 x 10 -3

3.729 x 10-3

2.583 x 10-3

2.280 x 10-3

1.289 x 10-3

9.988 x 10-4

3.011 x 10 -4

-5.680 x 10 -°

-5.718 x 10 -3

-5.962 x 10 -3

-5.747 × 10 -3

-5.740 x 10-3

-5.674 x 10-3

-5.591 x 10-3

-5.610 x 10-3

-5.544 x 10-3

-5.459 x 10-3

-5.089 x 10 -3

-5.078 x 10-3

-4.979 x 10 -3

-4.804 x 10 -3

-4.757 x 10 -3

-4.570 × 10 -3

-4.458 x 10 -3

-4.112 x 10 -3

-4.016 x 10 -3

-3.741 x 10 -3

3.605 × 10-4

3.336 x 10 -4

3.323 x 10 -4

6.810 x 10 -4

7.925 x 10 -4

1.112 x 10 -3

1.183 x 10 -3

1.173 x 10 -3

1.206 x 10 -3

1.493 x 10-3

1.621 x 10-3

1.850 × 10-3

1.933 × 10-3

2.102 x 10-3

2.165 x 10-3

2.535 x 10-3

g:t" / Poc _
1.921 x 10-

1.773 X 10-3

1.633 X 10-3

1.360 × 10-3

1.317 x 10-3

1.222 x 10 -3

1.060 × 10-3

9.667 x 10 -4

9.443 x 10 -4

8.925 × 10 -4

7.540 × 10 -4

7.171 × 10 -4

6.684 x 10 -4

6.309 × 10 -4

5.994 x 10 -4

5.555 x 10 -4

4.932 x 10 -4

4.639 × 10 -4

4.512 x 10 -4

4.647 x 10-4

4.515 × 10 -3

4.548 x 10 -3

4.567 x 10 -3

4.614 x 10 -3

4.648 × 10 -3

4.622 x 10 -3

4.614 × 10 -3

4.445 x 10-3

4.423 × 10 -3

4.002 × 10-3

3.921 x 10-3

3.790 x 10-3

3.755 × 10-3

3.546 × 10-3

3.477 x 10-3

3.182 × 10-3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
_mued).

x/L
0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

y/L p/PooV_

0=1_67 6.414 x 10 -2

0.1667 6.724 x 10 -2

0.1667 6.804 x 10 -2

0.1667 7.136 x 10-2

0.1667 7.221 x 10-2

0.1667 7.466 x 10-2

0.1667 7.524 x 10-2

0.1667 7.726 x 10-2

0.1667 7.768 x 10-2

0.1667 7.895 x 10-2

0.1667 7.916 x 10-2

0.1667 8.049 x 10-2

0.1667 8.060 x 10-2

0.1667 8.118 x 10 -2

0.1667 8.134 x 10 -2

0.1667 8.214 x 10 -2

0.1667 8.237 x 10 -2

0.1667 8.236 x 10 -2

0.1667 8.353 x 10 -2

0.1667 8.362 x 10 -2

0.1667 8.806 x 10 -2

0.1667 8.907 x 10 -2

0.1667 9.241 x 10 -2

0.1667 9.828 x 10 -2

0.1667 1.007 × 10 -1

0.1667 1.075 x 10 -1

0.1667 1.178 x 10 -1

0.1667 1.249 x 10 -1

0.1667 1.292 x 10 -1

0.1667 1.371 x 10 -1

0.1667 1.454 x 10 -1

0.1667 1.452 x 10 -1

0.1667 1.488 x 10 -1

0.1667 1.467 × 10 -1

0.1667 1.450 x 10 -1

0.1667 1.401x 10 -1

"rzx/Poo V2

!.361 × 10 -4

-5.464 x 10-4

-6.984 x 10-4

-9.975 x 10-4

-1.044 x 10-3

-1.282 x 10-3

-I.311 x 10-3

-1.449 x 10-3

-1.464 x 10-3

-1.730 x 10-3

-1.776 x 10-3

-1.963 x 10-3

-1.990 × 10-3

-2.343 x 10-3

-2.566 x 10-3

-3.100 x 10-3

-3.611 x 10-3

-3.778 x 10-3

-4.505 x 10-3

-4.658 × 10-3

-5.855 x 10-3

-5.985 x 10-3

-6.132 x 10-3

-6.296 x 10-3

-6.220 x 10-3

-5.826 x 10-3

-4.523 x 10-3

-3.185 x 10 -3

-2.185 x 10-3

4.402 × 10 -4

4.343 × lO -3

6.820 × 10 -3

1.118 x 10-2

1.271 x 10-2

1.431 x 10-2

1.742 × 10-2

Tzy/pocV 2
2.670 x 10-3

2.742 × 10-3

2.821 x 10-3

3.011 x 10-3

3.137 x 10-3

3.120 × 10 -3

3.168 x 10 -3

3.265 × 10 -3

3.318 × 10 -3

3.579 × 10 -3

3.714 x 10 -3

3.949 x 10 -3

4.225 × 10 -3

4.676 × 10 -3

5.103 x 10 -3

5.595 x 10 -3

6.497 x 10 -3

6.939 x 10 -3

7.819 x 10 -3

8.461 × 10 -3

1.028 x 10 -2

1.067 × 10 -2

1.205 x 10 -2

1.371 x 10 -2

1.420 x 10 -2

1.555 x 10 -2

1.723 × 10 -2

1.800 x 10 -2

1.840 x 10-2

1.860 x 10 -2

1.772 x 10 -2

1.646 × 10 -2

1.386 x 10 -2

1.227 x 10 -2

1.072 x 10 -2

7.026 x 10 -3

• _.) # "I r _.5

q IPooVoc
3.091 x 10 -3

2.917 × 10-3

2.861 x 10-3

2.786 × 10-3

2.767 × 10-3

2.657 x 10-3

2.632 x 10-3

2.535 x 10 -3

2.511 × 10 -3

2.481 x 10 -3

2.487 × 10 -3

2..596 × 10 -3

2.648 x 10 -3

2.817 × 10 -3

2.917 × 10 -3

3.143 x 10 -3

3.460 × 10 -3

3.610 × 10 -3

3.888 x 10 -3

4.019 × 10 -3

4.598 × 10-3

4.726 × 10-3

5.150 x 10-3

5.766 × 10 -3

5.989 × 10 -3

6.606 x 10 -3

7.306 × 10 -3

7.805 × 10 -3

8.088 × 10-3

8.519 × 10-3

8.637 × 10-3

8.438 × 10-3

8.342 x 10 -3

7.961 x 10 -3

7.600 × 10-3

6.917 × 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

tiiaued).

x/L y/L

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933J

0.5000

0.5067]

0..!.6.07
P/Poo_

1.324 x 10- _

1_269 x 10-1

1.199 x 10-1

1.130 x 10-1

1.016 x 10-1

9.144 x 10-2

8.866 x 10-2

8.038 x 10-2

7.318 x 10-2

6.929 x 10-2

6.606 x 10-2

5.737 x l0 -2

5.548 x 10-2

4.920 x 10-2

4.621 )_ 10 -2

4.428 x 10-2

4.202 x 10 -2

3:944 x 10-2

3.640 x 10 -2

3.562 x 10 -2

3.346 x 10 -2

3.040 x 10 -2

2.984 x 10 -2

2.598 x 10 -2

2.547 x 10 -2

2.203 x 10 -2

2.102 x 10 -2

1.895 x 10-2

1.838 x 10-2

3.229 x l0 -2

3.349 x l0 -2

3.396 x 10-2

3.565 x 10-2

3.641 x l0 -2

3.906 x 10-2

4.018 x 10-2

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667

0.1667j

0.1667

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

Tzx/PooV 2 --

. ....
1.931 x 10-2

1.991 x 10-2

2.002 x 10-2

1.897 x 10-2

1.799 x 10 -2

1.776 x 10 -2

1.695 x 10 -2

1.612 x 10 -2

1.563 x 10 -2

1.513 x 10 -2

1.348 x 10 -2

1.295 x 10 -2

1.166 x 10 -2

1.134 x 10 -2

1.103 x 10 -2

1.059 x 10 -2

1.025 x 10 -2

9.765 x 10 -3

9.597 x 10-3

9.023 x 10-3

8.329 x 10-3

8.239 x 10-3

7.526 x 10-3

7.517 x 10-3

7.152 x 10-3

7.384 x 10-3

7.214 x 10-3

7.427 x 10-3

1.047 x 10-2

9.999 x 10-3

9.797 x 10 -3

9.191 x 10 -3

8.955 x 10 -3

8.241 x 10 -3

7.916 x 10 -3

;;y/, ooVD
4.1.42 _ 10-;l
2.592 x 10-3

6.761 x 10 -4

-8.589 x 10-4

-2.861 x 10-3

-4.146 x 10-3

-4.288 x 10-3

-4.758 x 10-3

-5.171 x 10-3

-5.381 x 10-3

-5.563 x 10-3

-5.853 x 10 -3

-5.801 x 10 -3

-5.848 x 10 -3

-5.833 x 10 -3

-5.792 x 10 -3

-5.746 x 10 -3

-5.766 x 10 -3

-5.581 x 10 -3

-5.544 x 10 -3

-5.608 x 10 -3

-5.335 x 10 -3

-5.306 x l0 -3

-4.900 x 10 -3

-4.857 x 10 -3

-4.529 x 10-3

-4.350 x 10-3

-4.093 x 10-3

-3.990 x 10 -3

3.450 x 10-4

2.947 x 10 -4

3.215 x 10-4

6.499 x 10 -4

7.782 x 10-4

1.058 x 10 -3

1.173 x l0 -3

q IPooVoo
6.096 x i0 -_

5.633 x 10 -3

5.078 x 10 -3

4.593 x 10 -3

3.881 x 10 -3

3.321 x 10 -3

3.144 x 10 -3

2.704 x 10 -3

2.381 x 10 -3

2.214 x 10 -3

2.073 x 10 -3

1.713 x 10 -3

1.608 x 10 -3

1.348 x 10 -3

1.251 x 10 -3

1.195 x 10 -3

1.128 x 10 -3

1.099 x 10 -3

9.577 x 10 -4

9.235 x 10 -4

8.335 x 10 -4

7.626 x 10-4

7.529 x 10-4

6.177 x 10-4

6.009 x 10-4

5.102 x 10-4

5.073 x 10-4

4.752 x 10-4

4.945 x 10-4

4.516 x 10-3

4.557 x 10-3

4.567 x 10-3

4.609 x 10 -3

4.651 x 10 -3

4.641 x 10 -3

4.628 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-

x/L y/L

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

O.64O0

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

P/Pc_V_

4.385 x 10 -2

4.'515 x 10 -2

4.822 x 10 -2

4.944 x 10 -2

5.280 x 10 -2

5.425 x 10-2

5.793 x 10-2

5.939 x 10-2

6.263 x 10-2

6.396 x 10-2

6.665 x 10-2

6.787 x 10-2

7.080 x 10-2

7.206 x 10 -2

7.417 x 10 -2

7.509 x 10 -2

7.676 x 10 -2

7.754 x 10 -2

7.848 x 10 -2

7.897 x 10 -2

8.001 x 10 -2

8.044 x 10 -2

8.064 x 10 -2

8.079 x 10 -2

8.116 x 10 -2

8.125 x 10 -2

8.196 x 10 -2

8.217 x 10 -2

8.351 x 10 -2

8.576 x 10 -2

8.548 x 10 -2

9.049 x 10-2

9.222 x 10 -2

9.698 x 10-2

1.042 x 10-1

1.073 x 10-1

Tzx/P_V 2

6._99 × 10-:_

6.134 x 10 -3

4.401 x 10 -3

3.777 x 10 -3

2.692 x 10 -3

2.306 x 10 -3

1.358 x 10-3

1.029 x 10-3

4.155 x 10-4

1.659 x 10-4

-4.629 x 10-4

-6.785 x 10-4

-9.385 x 10-4

-1.025 x 10 -3

-1.211 x t0 -3

-1.286 × 10 -3

-1.355 x 10 -3

-1.434 x 10 -3

-1.627 x 10 -3

-1.737 x 10 -3

-1.823 x 10-3

-1.908 x 10 -3

-2.146 × 10 -3

-2.268 x 10-3

-2.680 x 10-3

-2.811 x 10-3

-3.518 × 10-3

-3.775 x 10-3

-4.589 x 10-3

-5.143 × 10-3

-5.040 x 10-3

-5.673 x 10-3

-5.702 × 10-3

-5.877 × 10-3

-5.445 x 10-3

-4.934 x 10-3

1.159x 10-3

1.214× 10-3

1.532x 10-3

1.628x 10-3

1.865x 10-3

1.939× 10-3

2.135× lO-3

2.174x lO-3

2.567× lO-3

2.679x 10-3

2.775x 10-3

2.841x 10-3

3.104x lO-3

3.164x 10-3

3.206x 10-3

3.183× lO-3

3.299× I0-3

3.327x I0-3

3.638x 10-3

3.722× 10-3

4.082x 10-3

4.180x 10-3

4.777 x 10 -3

4.955 x 10 -3

5.566 × 10 -3

5.804 x 10 -3

6.844 x 10 -3

7.497 x 10 -3

8.439 x 10 -3

9.683 x 10 -3

9.899 x 10 -3

1.170 x 10 -2

1.232 x 10 -2

1.378 x 10 -2

1.518 x 10 -2

1.586 x 10 -2

_l" / p_ V_

4.512 x 10-3

4.434 x 10 -3

4.028 x 10-3

3.921 x 10-3

3.777 × 10 -3

3.754 x 10 -3

3.546 × 10 -3

3.479 × 10 -3

3.184 × 10 -3

3.092 x 10 -3

2.923 × 10 -3

2.865 x 10-3

2.799 x 10 -3

2.772 x 10 -3

2.675 x 10 -3

2.636 × 10 -3

2.545 x 10 -3

2.513 x 10 -3

2.486 x 10 -3

2.477 × 10 -3

2.575 x 10 -3

2.617 x 10 -3

2.749 x 10 -3

2.801 x 10 -3

3.048 x 10 -3

3.139 x 10 -3

3.529 x 10-3

3.705 x 10 -3

4.004 x 10 -3

4.367 × 10 -3

4.405 x 10 -3

4.951 x 10 -3

5.138 x 10 -3

5.651 x 10 -3

6.305 x 10 -3

6.555 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

x/L y/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

O.82OO

0.8267

0.8333

0.84001

0.8467

0.8533

0.8600

0.8667

0.8733

O.88OO

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733 I
0.17331

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

0.1733

, 2
p V

1.144 x 10-I

1241 x 10-1

1.317 x 10-1

1.350 x 10-1

1.424 × 10 -1

1.434 x 10 -1

1.447 x 10 -1

1.455 x 10 -1

1.417 x 10 -1

1.399 × 10 -1

1.338 × 10 -1

1.255 x 10 -1

1. 9× I0 -1

1. 5x l0 -1

1.036 x 10-1

9.348 x 10-2

9.103 × 10-2

8.( 1 x 10-2

7.786 × 10-2

7.026 × 10-2

6.142 x 10-2

5.992 × 10-2

5.582 × 10 -2

5.413 × 10 -2

5.058 × 10 -2

4.{_ 6 x 10 -2

4.3 8 × 10-2

4.181 × 10-2

3.890 x 10-2

3.609 × l0 -2

3.551 x 10-2

3.220 x 10-2

3.208 × 10-2

2.776 × 10 -2

2.741 x 10 -2

2.213 x 10 -2

Tzx/PocV 2

--4.047 x 10-3

-21143 x 102-3

2.852 × 10 -4

1.531 x 10 -3

5.667 × 10 -3

7.692 x 10 -3

1.073 × 10 -2

1.317 x 10 -2

1.543 x 10 -2

1.672 x 10 -2

1.842 x 10 -2

1.941 × 10 -2

1.953 x 10 -2

1.938 × 10 -2

1.903 × 10-2

1.812 x 10-2

1.773 × 10-2

1.688 × 10-2

1.661 × 10-2

1.560 × 10 -2

1.395 × 10 -2

1.366 x 10 -2

1.279 x 10 -2

1.253 x 10 -2

1.198 × 10 -2

1.143 x 10-2

1.090 × 10-2

1.066 x 10-2

1.022 x 10-2

9.605 x 10-3

9.493 x 10-3

8.896 x 10-3

8.968 × 10-3

8.242 x 10 -3

8.207 × 10 -3

7.681 × 10 -3

Tzy/pocV 2

1.730 × 10 -2

1.822 x 10 -2

1.842 x 10 -2

1.847 x 10 -2

1.707 x 10 -2

1.592 x 10 -2

1.385 x 10 -2

1.198 x 10-2

9.748 x 10-3

8.291 × 10-3

5.314 x 10-3

2.558 x 10-3

1.148 x 10-4

-5.384 x 10-4

-2.377 × 10-3

--3.733 × 10-3

--3.830 x 10-3

-4.752 × 10 -3

-4.888 x 10 -3

-5.336 x 10 -3

-5.674 x 10 -3

--5.733 x 10 -3

-5.860 × 10 -3

-5.870 × 10 -3

-5.958 × 10 -3

-6.026 x 10 -3

-5.912 x 10 -3

-5.857 x 10 -3

-5.954 × 10-3

-5.795 × 10-3

-5.795 x 10-3

-5.594 × 10-3

-5.631 × 10 -3

-5.156 × 10 -3

-5.117 × 10 -3

-4.454 × 10-3

dl" /p_V 3

7.138 x 10-3

7.767 x 10-3

8.077 x 10-3

8.191 x 10-3

8.292 x 10-3

8.144 x 10-3

7.916 x 10-3

7.719 x 10 -3

7.128 x 10-3

6.871 x 10 -3

6.236 x 10 -3

5.451 x 10 -3

4.757 x 10-3

4.540 x 10-3

3.987 x 10-3

3.357 x 10-3

3.187 x 10-3

2.634 x 10-3

2.538 x 10-3

2.222 x 10-3

1.830 x 10 -3

1.756 x 10 -3

1.545 x 10 -3

1.487 x 10 -3

1.355 x 10 -3

1.258 x 10 -3

1.177 × 10 -3

1.118 × 10 -3

1.015 x 10 -3

9.159 x 10 -4

8.942 x 10-4

7.865 x 10-4

7.682 x 10-4

6.349 x 10 -4

6.266 x 10 -4

5.342 x 10 -4
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x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

O.6267

0.6333

O.640O

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

V/L I

0.17337

o.1733

o.18oo

o.18oo

o.180o

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

0.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18o0

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

o.18oo

P / Pcc V2__
2._x 10-

1_967 x 10-_"

3.257 x 10 -2

3.275 x 10 -2

3.400 x 10 -2

3.420 x 10 -2

3.673 x 10 -2

3.716 x 10 -2

4.147 x 10 -2

4.225 x 10 -2

4.560 x 10 -2

4.620 x 10 -2

4.948 x 10 -2

5.002 x 10 -2

5.466 x 10 -2

5.546 x 10 -2

5.958 x 10 -2

6.029 x 10 -2

6.373 x 10 -2

6.429 x 10 -2

6.789 x 10 -2

6.850 x 10 -2

7.189 x 10-2

7.247 x 10 -2

7.474 x 10-2

7.511 x 10-2

7.695 x l0 -2

7.722 x 10 -2

7.871 x l0 -2

7.895 x l0 -2

7.981 x l0 -2

7.987 x l0 -2

8.027 x 10 -2

8.081 x 10 -2

8.115 x l0 -2

8.116 x l0 -2

rzx/p_V_
71696 x 10 -3

7.747 x 10-3

1.042 x 10-2

1.036 x 10-2

9.692 x 10-3

9.583 x 10-3

8.914 x 10-3

8.809 x 10 -3

7.861 x 10 -3

7.717 x 10 -3

5.716 x 10 -3

5.359 x 10 -3

3.530 x 10 -3

3.196 x 10 -3

2.021 x 10 -3

1.789 x 10 -3

9.957 x 10 -4

8.495 x 10 -4

2.980 x 10 -6

-1.679 x 10 -4

-7.189 x 10-4

-8.318 x 10-4

-1.020 x 10-3

-1.057 x 10-3

-1.098 x 10-3

-1.087 x 10-3

-1.308 x 10-3

-1.333 x 10-3

-1.503 x 10-3

-1.511 x 10-3

-1.618 x 10-3

-1.624 x 10-3

-2.055 x 10-3

-2.523 x 10-3

-2.752 x 10-3

-3.120 x 10-3

V 2
Tzy/P_ c_

--4.421 X 10-3

--4.106 X 10-3

1.716 X 10 -4

1.784 X 10 -4

3.953 X 10 -4

4.314 X 10 -4

7.893 X 10 -4

8.479 X 10 -4

9.883 X 10 -4

9.946 X 10 -4

1.409 × 10 -3

1.485 X 10 -3

1.738 X 10 -3

1.786 × 10 -3

2.123 X 10 -3

2.190 X 10 -3

2.440 X 10 -3

2.497 X 10 -3

2.634 X 10 -3

2.649 X 10 -3

3.077 X 10-3

3.172 X 10 -3

3.344 X 10 -3

3.395 X 10 -3

3.307 X 10 -3

3.306 X 10 -3

3.547 X 10 -3

3.605 X 10 -3

3.941 X 10 -3

4.020 X 10 -3

4.292 X 10 -3

4.335 X 10-3

4.880 X 10 -3

5.508 X 10 -3

5.767 X 10 -3

6.889 X 10 -3

q /PooVoe4__
5.338 x i0-

5.272 x 10-4

4.562 x 10-3

4.571 x 10 -3

4.494 x l0 -3

4.477 x 10-3

4.657 x 10 -3

4.687 x 10 -3

4.694 x 10 -3

4.704 x 10 -3

4.208 x 10 -3

4.112 x 10-3

3.780 x 10-3

3.712 x 10-3

3.644 x 10-3

3.622 x 10-3

3.335 x 10-3

3.273 x 10-3

3.044 x 10-3

2.996 x 10-3

2.867 x 10-3

2.842 x 10 -3

2.757 x 10-3

2.741 x 10-3

2.611 x 10-3

2.586 x 10-3

2.517 x 10-3

2.505 x 10 -3

2.474 x 10 -3

2.465 x 10 -3

2.541 x 10 -3

2.547 x 10 -3

2.746 x 10-3

3.001 x 10-3

3.117 x 10 -3

3.472 x 10 -3
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x/L
0.8133

0.8200

O.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.87331

0.8800

0.8867

0.89331

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

O.98OO

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

Table A.4: Surface variables on upper plate, fine grid (con-

_tinued).

2

y/L p/p v.%r_
o.1933 1236 a×--io-
0.1933 1.368

0.1933 1.354

0.1933 1.330

0.1933 1.280

0.1933 1.250

0.1933 1.177

0.1933 1.158

0.1933 1.045

0.1933 1.001

0.1933 9.535

0.1933 8.900

0.1933 8.056

0.1933 7.806

0.1933 7.131

0.1933 7.047

0.1933 6.514

0.1933 6.045

0.1933 5.892

0.1933 5.171

0.1933 5.104

0.1933 4.575

0.1933 4.342

0.1933 4.375

0.1933 3.758

0.1933 3.599

0.1933 3.304

0.1933 2.979

0.1933 2.858

0.2000 3.208

0.2000 3.218

0.2000 3.310

0.2000 3.353

O.2OO0 3.508

O.2000 3.592

0.2000 3.866

x 10 -1

x 10 -1

× 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

x 10 -1

× 10 -1

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x l0 -2

x 10 -2

x 10 -2

x l0 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x l0 -2

x 10 -2

x l0 -2

Tzx/P_V__
1._7 ; 10 -2--

1.332 × 10 -2

1.472 x 10 -2

1.624 x 10 -2

1.825 x 10 -2

1.795 x 10 -2

1.849 × 10 -2

1.851 x 10 -2

1.820 x 10 -2

1.830 × 10 -2

1.804 x 10 -2

1.776 x 10 -2

1.683 × 10 -2

1.653 x 10 -2

1.550 × 10 -2

1.536 x 10 -2

1.427 x 10 -2

1.352 × 10 -2

1.320 × 10 -2

1.223 × 10 -2

1.213 × 10 -2

1.127 x 10 -2

1.092 × 10 -2

1.116 x 10 -2

1.051 × 10 -2

1.066 x 10 -2

1.074 x 10 -2

1.065 x 10 -2

1.062 × 10 -2

1.052 × 10 -2

1.029 x 10 -2

9.924 x 10 -3

9.719 × 10 -3

9.301 × 10 -3

9.143 x 10 -3

8.378 × 10 -3

1.525 x I0-_

1.255 x 10-2

1.095 x 10-2

9.277 x 10-3

5.548 × 10-3

5.388 x 10-3

2.665 x 10-3

2.069 x lO-3

-9.460 x 10-4

-1.397 x 10-3

-2.218 x 10-3

-3.253 x 10-3

-4.498 x 10-3

-4.821 x 10-3

-5.434 x 10-3

-5.500 x 10-3

-5.702 x 10-3

-5.909 x 10-3

-6.087 x 10-3

-6.138 x 10-3

-6.164 x 10-3

-6.022 x 10-3

-6.010 x lO-3

-5.906 x 10-3

-5.751 x 10-3

-5.621 x 10-3

-5.423 x 10-3

-5.091 x 10-3

-4.974 x 10-3

2.302 x 10-4

2.728 x 10-4

4.255 x lO-4

5.497 x 10-4

5.924 x 10-4

6.602 x lO-4

9.263 x lO-4

; o
6.771 × 10 -3

6.506 x 10 -3

6.186 × 10 -3

5.578 x 10 -3

5.344 × 10 -3

4.701 × 10 -3

4.510 × 10 -3

3.716 × 10 -3

3.511 x 10 -3

3.286 × 10 -3

2.989 x 10 -3

2.577 × 10 -3

2.452 x 10 -3

2.084 × 10 -3

2.042 × 10 -3

1.741 × 10 -3

1.582 × 10 -3

1.505 × 10 -3

1.279 × 10 -3

1.246 × 10 -3

1.082 × 10 -3

1.011 × 10 -3

1.034 x 10 -3

9.017 × 10 -4

8.862 x 10 -4

8.443 × 10 -4

8.108 x 10 -4

7.992 × 10 -4

4.533 x 10 -3

4.471 × 10 -3

4.410 x 10 -3

4.394 x 10 -3

4.514 x 10 -3

4.546 x 10 -3

4.596 × 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

x/L
o.693a
0.7000

0,7067

0.7133

0.7200

0,7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

O.9267

y/L

q.18oo

0.1800

O.1800

0.1800

0.1800

0.1800

O.1800

O.1800

0.1800

O.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

O.1800

0.1800

0.1800

0.1800 i

0.1800

0.18001

O.1800
O.1800

O.1800

0.1800

O. 1800

0.1800

0.1800

0.1800

P/PooV2oo

8.120 x .1Q_2-

8]205 x 10 -2

8.252 x 10-2

8.516 x 10-2

8.799 x 10 -2

9.011 x 10 -2

9.569 x 10 -2

9.895 x 10 -2

1.045 x 10-1

1.116 x 10 -1

1.163 x 10-1

1.226 x 10 -1

1.288 x 10 -1

1.344 x 10-1

1.383 x 10-1

1.431 × 10 -1

1.425 x 10 -1

1.435 x 10 -1

1.400 x 10 -1

1.355 x 10-1

1.328 x 10-1

1.273 x 10-1

1.174 x 10-1

1.151 x 10-1

1.047 x 10-1

9.533 × 10 -2

9.066 x 10 -2

8.620 x 10 -2

7.604 x 10 -2

7.302 x 10 -2

6.769 x 10 -2

6.214 x 10 -2

6.152 x 10 -2

5.301 x 10 -2

4.960 x 10 -2

4.799 x 10 -2

rzx/p_V 2

-3.199 x 10 -3

-3.854 x 10 -3

-4.164 x 10 -3

-4.883 x 10 -3

-5.142 x 10 -3

-5.378 x 10 -3

-5.721 x 10 -3

-5.167 x 10 -3

-4.832 x 10 -3

-4.023 x lO -3

-2.793 x 10-3

-6.010 x 10-4

1.143 x 10 -3

3.084 x 10 -3

5.818 x 10-3

9.299 x 10 -3

1.027 x 10 -2

1.279 x 10 -2

1.559 x 10 -2

1.741 x 10-2

1.797 x 10-2

1.895 x 10-2

1.946 x 10-2

1.943 x 10-2

1.882 x 10-2

1.796 × 10-2

1.754 x 10 -2

1.718 x 10 -2

1.631 x 10 -2

1.575 x 10 -2

1.494 x 10 -2

1.389 x 10 -2

1.372 x 10 -2

1.241 x 10-2

1.196 x 10 -2

1.167 x 10 -2

rz /pmV 2

8.111 x 10 -3

8.710 x 10 -3

9.889 x 10 -3

1.118 x 10 -2

1.193 x 10 -2

1.355 x 10 -2

1.437 × 10 -2

1.553 x 10 -2

1.689 x 10 -2

1.753 x 10-2

1.825 x 10 -2

1.824 x 10 -2

1.818 x 10 -2

1.712 x 10 -2

1.533 x 10 -2

1.455 × 10 -2

1.238 x 10 -2

9.696 x 10 -3

7.365 x 10 -3

6.185 x 10 -3

3.853 × 10 -3

9.926 × 10 -4

4.445 x 10 -4

-1.848 x 10 -3

-3.110 × 10 -3

-3.884 x 10-3

-4.138 × 10-3

-5.047 × 10 -3

-5.117 x 10 -3

-5.507 x 10-3

-5.671 x 10 -3

-5.729 x 10 -3

-5.937 x 10-3

-6.049 x 10-3

-6.036 x 10-3

et"/po VL
3.7- 7  o--5ea-
3.83ox 10-3
3.999 x 10 -3

4.375 x 10 -3

4.709 x 10 -3

4.938 x 10 -3

5.532 x 10 -3

5.857 x l0 -3

6.334 x 10-3

6.909 x 10-3

7.224 x 10-3

7.529 x 10-3

7.791 x 10-3

7.974 x 10-3

7.992 x 10-3

7.860 x 10-3

7.699 × 10 -3

7.441 x 10 -3

6.887 x 10 -3

6.355 x 10 -3

6.093 x 10 -3

5.551 x 10 -3

4.776 x 10-3

4.609 × 10-3

3.922 x 10-3

3.391 × 10 -3

3.074 x 10 -3

2.879 x 10 -3

2.432 x 10 -3

2.291 x 10 -3

2.038 x 10 -3

1.779 × 10-3

1.695 x 10 -3

1.424 x 10-3

1.335 × 10-3

1.274 x 10-3
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TableA.4: Surfacevariablesonupperplate,finegrid (con-
timled).

0.9400
0.9467
0.9533
0.9600
0.9667
0.9733
0.9800
0.9867
0.99331
1.0000
0.4667
0.4733
0.4800
0.4867
0.4933
0.5000

0.5067

0.5133

0.52OO

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1800

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.i867

0.1867

0.18671

0.1867

0.1867

x/L i y/L p/pooVL
-03333,O.t O0-Y.35 Vib

0.1800 4.092 x 10 -2

3.962 x 10-2

3.933 x 10-2

3.445 x 10-2

3.304 x 10-2

3.090 x 10-2

2.864 x 10-2

2.680 x 10-2

2.362 x 10-2

2.245 x 10 -2

3.240 x 10 -2

3.282 x 10 -2

3.354 x 10 -2

3.432 x 10 -2

3.565 x 10 -2

3.743 x 10 -2

3.972 x 10 -2

4.225 x 10 -2

4.422 x 10 -2

4.618 x 10 -2

4.806 x 10-2

5.015 x 10-2

5.281 x 10-2

5.540 x 10-2

5.780 x 10-2

6.021 x 10-2

6.226 x 10-2

6.427 x 10-2

6.631 x 10 -2

6.842 x 10 -2

7.031 x 10 -2

7.223 x 10 -2

7.344 x 10 -2

7.494 x 10 -2

7.594 x 10-2

_-zx/pooV 2

fi :_)9_ -X-'10-_

1.056 x 10-2

1.037 x 10-2

1.034 x 10-2

9.411 x 10-3

9.186 x 10-3

8.962 x 10-3

8.682 x 10-3

8.917 × 10-3

8.633 x 10-3

8.563 × 10-3

1.053 × 10 -2

1.029 × 10 -2

9.863 x 10 -3

9.525 × 10 -3

9.117 × 10 -3

8.782 × 10-3

8.318 × 10-3

7.530 x 10-3

6.421 × 10-3

5.319 × 10-3

4.220 × 10-3

3.255 x 10-3

2.541 × 10-3

1.850 x 10-3

1.388 × 10 -3

9.010 × 10 -4

4.754 × 10 -4

-6.960 x 10-5

-3.496 × 10 -4

-7.458 × 10 -4

-8.460 x 10 -4

-1.013 x 10 -3

-1.026 x 10 -3

-1.074 x 10 -3

-1.151 x 10 -3

-5.932 × 10 -3

-6.024 × 10 -3

-6.102 × 10 -3

-6.132 × 10 -3

-5.781 × 10 -3

-5.722 × 10 -3

-5.379 × 10 -3

-5.163 x 10-3

-4.880 × 10 -3

-4.487 × 10-3

-4.330 × 10-3

1.970 × 10 -4

2.105 × 10 -4

3.440 × 10 -4

4.545 x 10 -4

6.319 x 10 -4

8.185 x 10 -4

8.978 × 10 -4

1.092 × 10 -3

1.391 × 10 -3

1.527 × 10 -3

1.720 x 10 -3

1.861 × 10 -3

2.135 × 10 -3

2.261 × 10 -3

2.492 × 10 -3

2.548 × 10 -3

2.683 × 10 -3

2.717 x 10 -3

2.979 × 10 -3

3.184 × 10 -3

3.333 × 10 -3

3.375 × 10 -3

3.342 × 10 -3

3.368 × 10 -3

3.556 x 10 -3

¢1" / P___
1.160 × 10-

1.065 X 10 -3

1.009 x 10 -3

9.975 X 10 -4

8.290 × 10 -4

7.905 × 10-4

7.228 × 10-4

6.677 × 10-4

6.433 × 10-4

6.153 × 10-4

6.089 x 10-4

4.570 x 10-3

4.542 × 10-3

4.471 × 10-3

4.494 × 10-3

4.585 x 10-3

4.677 × 10-3

4.692 × 10 -3

4.613 × 10 -3

4.329 x 10 -3

4.076 × 10-3

3.827 × 10-3

3.719 x 10-3

3.660 × 10-3

3.594 × 10-3

3.426 × 10-3

3.287 × 10-3

3.167 × 10-3

3.022 × 10-3

2.952 × 10-3

2.851 × 10-3

2.793 x 10-3

2.740 × 10 -3

2.672 x 10 -3

2.596 x 10-3

2.557 × 10 -3
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x/i
0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

O.680O

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

O.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

Table A.4: Surface variables on upper plate, fine grid (con-
'_ifified).

y/L

o:1867
0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

O.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.I867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0,1867

0.I867

0.1867

0.1867

0.1867

0.1867

0.1,867
0.1867

O.1867

0.1867

0.1867

0.1867

p/pocV 2
7.706 x 10 -2

7.779 x 10 -2

7.873 × 10 -2

7.900 x 10 -2

7.957 x 10 -2

7.927 x 10 -2

7.939 x 10 -2

8.001 x 10 -2

8.004 x 10 -2

8.083 x 10-2

8.141 x 10-2

8.175 x 10-2

8.365 x 10-2

8.403 x 10-2

8.804 x 10-2

8.944 x 10-2

9.443 x I0 -2

1.014 x 10 -1

1.043 x 10 -I

1.111 x 10 -1

1.187 x 10 -1

1.230 x 10 -1

1.239 x 10 -1

1.354 x 10 -1

1.363 x 10-1

1.38I x i0 -1

1.400 x 10 -1

1.397 x 10 -1

1.386 x 10 -1

1.347 x 10 -1

1.310 × 10 -1

1.268 x 10-1

1.177 x 10-1

1.152 x 10-1

1.046 x 10 -1

9.732 x 10 -2

"rzx/pccV_

,:.!.283 x 10-3
-1.317 x 10-3

-1.436 x 10 -3

-1.400 x 10 -3

-1.595 × 10 -3

-1.718 x 10 -3

-1.793 x 10-3

-2.326 × 10 -3

-2.403 × 10 -3

-3.033 × 10 -3

-3.666 × 10-3

-3.947 × 10-3

-4.289 × 10-3

-4.381 × 10 -3

-4.857 x 10 -3

-4.871 x 10-3

-4.957 x I0 -3

-4.578 x 10 -3

-4.172 × 10 -3

-3.245 × 10 -3

-1.029 x 10 -3

4,096 x 10 -4

1.031 × 10-3

4.889 × 10-3

6.371 x 10-3

8.079 x IO -3

1.164 × 10 -2

1.267 × 10 -2

1.462 × 10-2

1.678 × 10-2

1.766 x 10 -2

1,864 × 10-2

1.903 × 10 -2

1.902 x 10 -2

1.840 x 10 -2

1.787 x 10 -2

"rzy/pocV 2

3.668 × 10 -3

3.913 × 10 -3

4.053 × 10 -3

4.228 x 10 -3

4.418 x 10 -3

4.854 x 10 -3

4.949 x 10 -3

5.838 x 10 -3

6.031 × 10 -3

7.019 x 10 -3

8.086 × 10 -3

8.428 × 10 -3

9.896 x 10-3

1.017 x 10 -2

1.174 x 10 -2

1.216 x 10-2

1.360 x 10 -2

1.522 x 10 -2

1.582 x 10 -2

1.709 x 10 -2

1.795 x 10 -2

1.821 x 10 -2

1.835 x 10-2

1.776 x 10-2

1.703 x 10-2

1.650 x I0 -2

1.377 x 10 -2

1.284 x 10-2

1.122 x 10-2

8.346 x 10-3

6.472 x 10 -3

4.682 x 10-3

1.882 x 10 -3

1.280 × 10 -3

-1.328 x 10 -3

-2.481 x 10 -3

$
" IPooV

2.510 x 10-3

2.488 × 10-3

2.471 x 10-3

2.493 x 10-3

2.559 x 10-3

2.657 x 10-3

2.697 x 10-3

3.021 x 10-3

3.083 x 10-3

3.461 x 10-3

3.782 x 10-3

3.901 x 10 -3

4.263 x 10 -3

4.333 x 10 -3

4.782 x 10 -3

4.943 x 10-3

5.490 x IO -3

6.076 x 10-3

6.321 x 10-3

6.879 x 10-3

7.277 x 10-3

7.465 × 10-3

7.490 × 10 -3

7.899 x 10 -3

7.745 x 10 -3

7.635 × I0 -3

7.351 x 10-3

7.181 x 10 -3

6.760 x 10 -3

6.285 x 10 -3

5,929 x 10 -3

5.453 x 10 -3

4.740 × 10 -3

4.539 x 10-3

3.833 × I0 -3

3.394 × 10-3
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x/L
0_733.

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

O.5467

0.5533

0.5600

0.5667

Table A.4: Surface variables on upper plate, fine grid (con-
' '" tinued).

y/L

_,1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1867

0,1867

0.1867

0.1867

0.1867

0.1867

0.1867

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0,1933

0,1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

p/p v 
q.081 x 10-:.:z

8.744 x 10 -2

8.473 x 10 -2

7.597 x 10 -2

7.401 x 10 .2

6.321 x 10-2

5.850 x 10 .2

5.707 x 10-2

5.276 x 10.2

4.865 x 10-2

4.689 x 10 -2

4.565 x 10 -2

4.261 x 10 .2

4.275 x 10 -2

3.790 x 10 -2

3.637 x 10 -2

3.335 x 10-2

2.832 x 10-2

2.791 x 10-2

2.439 x 10-2

3.227 x 10-2

3.292 x 10-2

3.305 x 10 -2

3.440 x 10 .2

3.463 x 10 -2

3.788 x 10 -2

3.847 x 10 -2

4.241 x 10-2

4.314 x 10-2

4.612 x 10.2

4.665 x 10-2

5.035 x 10.2

5.099 x 10-2

5.531 x 10-2

5.606 x 10 -2

6.016 x 10 -2

Tzx/PccV_

1.753 x 10 .2

1.740 x 10 -2

1.740 x 10 -2

1.620 x 10-2

1.588 x 10-2

1.401 x 10-2

1.345 x 10-2

1.321 x 10.2

1.240 x 10-2

1.182 x 10-2

1.159 x 10-2

1.131 x 10 .2

1.079 x 10 .2

1.080 x 10 -2

1.030 x 10 .2

1.032 x 10 .2

9.952 x 10.3

9.401 x 10-3

9.404 x 10-3

9.167 x 10-3

1.067 x 10-2

1.012 x 10 .2

1.003 x 10 .2

9.379 x 10 .3

9.259 x 10.3

8.800 x 10 -3

8.723 x 10-3

7.253 x 10-3

6.999 x 10-3

5.159 x 10-3

4,850 x 10 -3

3.300 x 10 -3

3,047 x 10 -3

1.946 x 10 -3

1.765 x 10 -3

1.064 x 10 -3

TZy/Poo V2

--3.359 X 10 -3

--3.732 X 10 -3

--4.091 X 10 -3

--4.982 × 10 -3

--5.135 X 10 -3

--5.680 X 10-3

--5.894 X 10-3

--5.949 X 10-3

--6.132 X 10-3

--6.143 X 10 -3

--6.176 X 10 -3

--6.122 X 10 -3

--6.039 X 10 -3

--6.017 X 10 -3

--5.802 X 10 -3

--5.728 X 10 -3

--5.469 X 10 -3

--5.013 X 10 -3

--4.961 X 10-3

--4.536 X 10-3

2.558 X 10 -4

2.799 X 10 -4

2.847 X 10 -4

4.898 X 10 -4

5.122 X 10 -4

7.655 X 10 -4

8.017 X 10-4

1.300 X 10 -3

1.395 X 10-3

1.644 X 10 -3

1.684 X 10 -3

2.079 X 10 -3

2.150 X 10 -3

2.492 X 10 -3

2.561 × 10 -3

2.702 x 10 -3

3.058x 10-3

2.918x 10-3

2.806x I0-3

2.380x 10-3

2.273x 10-3

1.754x 10-3

1.574x 10-3

1.517x 10-3

1.359x 10-3

1.255x 10-3

1.207× 10-3

1.140× 10-3

1.013x 10-3

9.945x 10-4

9.001x 10-4

8.711x 10-4

8.013x 10-4

6.769x 10-4

6.798x 10-4

6.650x 10-4

4.596x 10-3

4.450x 10-3

4.425x 10-3

4.509x 10-3

4.527x 10-3

4.688x 10-3

4.724 x 10-3

4.478 x lO-3

4.438x 10-3

3.934x 10-3

3.844x 10-3

3.712x 10-3

3.690x 10-3

3.542x 10-3

3.512x 10-3

3.325x 10-3
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

x/L
0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

O.640O

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

O.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

y/L

0A933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

0.1933

p/p_V 2

6.087 x 10_ -2_

6_419 × 10 -2

6.477 x 10 -2

6.825 × 10-2

6.886 x 10 -2

7.172 x 10 -2

7.223 x 10 -2

7.458 x 10 -2

7.503 x 10 -2

7.665 x 10 -2

7.697 x 10 -2

7.811 × 10 -2

7.843 x 10 -2

7.859 × 10 -2

7.913 x 10 -2

7.913 × 10 -2

7.976 x 10 -2

7.987 x 10 -2

7.997 x 10 -2

7.996 x 10 -2

8.093 x 10 -2

8.109 x 10 -2

8.275 x 10 -2

8.359 x 10 -2

8.624 x 10 -2

9.026 x 10 -2

9.230 × 10 -2

9.968 × 10 -2

1.048 x 10 -1

1.106 x 10 -1

1.173 x "10-1

1.220 × 10 -1

1.276 × 10 -1

1.281 × 10 -1

1.332 × 10 -1

1.341 × 10 -1

_-zx/p_V_

9.515 x 10 -4

1.502 x 10 -4

1.519 x 10-5

-5.841 x 10 -4

-6.896 × 10 -4

-9.234 x 10 -4

-9.724 x 10 -4

-9.989 x 10 -4

-1.009 x 10 -3

-1.137 x 10 -3

- 1.160 x 10 -3

-1.204 x 10 -3

-1.213 x 10 -3

-1.325 × 10 -3

-1.654 x 10 -3

-1.689 × 10 -3

-2.214 x 10 -3

-2.300 x 10 -3

-2.690 x 10 -3

-2.741 x 10 -3

-3.292 x 10 -3

-3.329 x 10 -3

-3.707 x 10 -3

-3.816 x 10 -3

-4.245 x 10 -3

-4.361 x 10-3

-4.321 x 10-3

-3.902 x 10-3

-2.995 x 10-3

-1.842 x 10 -3

-2.275 x 10-4

8.423 x 10 -4

3.357 x 10 -3

3.660 × 10 -3

6.962 × 10-3

7.879 x 10-3

7zy/PooV2_
2.727 x 10 -3

2.856 x 10 -3

2.863 x 10 -3

3.284 x 10 -3

3.343 x 10 -3

3.344 x 10 -3

3.333 x 10 -3

3.523 × 10 -3

3.543 x 10 -3

3.847 × 10 -3

3.884 x 10 -3

4.135 × 10 -3

4.180 × 10 -3

4.412 x 10 -3

4.833 x 10 -3

5.028 x 10 -3

5.816 x 10 -3

5.922 x 10 -3

6.997 x 10 -3

7.162 x 10 -3

8.437 x 10 -3

8.843 x 10 -3

1.009 x 10 -2

1.050 x 10 -2

1.178 × 10 -2

1.286 × 10 -2

1.354 × 10 -2

1.537 × 10 -2

1.627 × 10 -2

1.737 x 10 -2

1.785 × 10 -2

1.821 × 10 -2

1.793 x 10 -2

1.786 × 10 -2

1.697 × 10 -2

1.646 × 10 -2

 "/p vL
3.289 x 10 -3

3.079 x 10 -3

3.038 x 10 -3

2.860 × 10 -3

2.824 x 10 -3

2.747 × 10 -3

2.734 x 10-3

2.614 x 10-3

2.594 x 10-3

2.516 × 10-3

2.502 x 10-3

2.463 × 10-3

2.452 x 10 -3

2.517 x 10 -3

2.644 × 10 -3

2.695 x 10 -3

2.989 × 10 -3

3.031 x 10 -3

3.367 × 10 -3

3.416 x 10 -3

3.790 x 10 -3

3.883 x 10 -3

4.225 x 10 -3

4.346 x 10 -3

4.769 x 10 -3

5.099 × 10 -3

5.259 × 10 -3

5.984 x 10 -3

6.338 x 10 -3

6.745 x 10 -3

7.088 x 10 -3

7.348 × 10 -3

7.429 x 10 -3

7.431 × 10 -3

7.378 x 10 -3

7.341 × 10 -3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
"tinued).

x/L y/L
0.5133 0.2000
0.5200 0.2000
0.5267 0.2000

0.5333 0.2000

0.5400 0.2000

0.5467 0.2000

0.5533 0.2000

0.5600 0.2000

0.5667 0.2000

0.5733 0.2000

0.5800 0.2000

0.5867 0.2000

0.5933 0.2000

0.6000 0.2000

0.6067 0.2000

0.6133 0.2000

0.6200 0.2000

0.6267 0.2000

0.6333 0.2000

0.6400 0.2000

0.6467 0.2000

0.6533 0.2000

0.6600 0.2000

0.6667 0.2000

0.6733 0.2000

0.6800 0.2000

0.6867 0.2000

0.6933 0.2000

0.7000 0.2000

0.7067 0.2000

0.7133 0.2000

0.7200 0.2000

0.7267 0.2000

0.7333 0.2000

0.7400 0.2000

0.7467 0.2000

p/pocV 2

3.979 x 10 -2

4.304 x 10 -2

4.418 x 10-2

4.667 x 10 -2

4.784 x 10-2

5.088 x 10-2

5.225 x 10-2

5.589 x 10-2

5.736 x 10-2

6.070 x 10-2

6.200 x 10-2

6.468 x 10 -2

6.583 x 10 -2

6.849 x 10 -2

6.941 x 10 -2

7.172 x lO -2

7.247 x lO -2

7.453 x 10-2

7.512 x 10-2

7.652 x 10-2

7.683 x 10-2

7.777 x 10-2

7.775 x 10-2

7.820 x 10-2

7.839 x lO-2

7.851 x lO-2

7.901 x 10 -2

7.949 x 10 -2

7.986 x 10 -2

8.042 x 10 -2

8.081 x 10-2

8.203 x 10-2

8.260 x 10-2

8.542 x 10-2

8.671 x 10-2

9.081 x lO-2

"rzx/Pc_V_

7.939 x 10 -:_

6.714 x 10-3

6.117 x 10 -3

4.770 x 10-3

4.170 x 10 -3

3.040 x 10 -3

2.584 x 10 -3

1.821 x 10 -3

1.544 x 10 -3

1.031 x 10 -3

8.256 x 10 -4

1.092 x 10 ±4

-1.210 x 10 -4

-5.706 x 10 -4

-6.722 x 10 -4

-8.492 x 10 -4

-8.575 x 10 -4

-9.409 x 10 -4

-9.464 x 10 -4

-1.029 x 10 -3

-9.943 x 10 -4

-1.081 x 10 -3

-1.035 x 10 -3

-1.229 x 10 -3

-1.324 x 10 -3

-1.420 x 10 -3

-1.918 x 10 -3

-2.406 x 10 -3

-2.680 x 10 -3

-3.011 x 10 -3

-3.217 x 10 -3

-3.453 x 10 -3

-3.569 x 10-3

-4.047 x 10 -3

-3.861 x 10 -3

-3.983 x 10 -3

Tzy/pocV 2
1.088 x 10 -3

1.469 x 10 -3

1.630 x 10 -3

1.815 x 10 -3

1.971 x 10 -3

2.191 x 10 -3

2.322 x 10 -3

2.594 x 10 -3

2.715 x 10 -3

2.888 x 10 -3

3.034 x 10 -3

3.103 x 10 -3

3.270 x 10 -3

3.384 x 10 -3

3.443 x 10 -3

3.512 x 10 -3

3.642 x 10 -3

3.808 x 10 -3

4.016 x 10 -3

4.056 x 10 -3

4.187 x 10 -3

4.298 x 10 -3

4.428 x 10 -3

4.730 x 10 -3

5.085 x 10 -3

5.189 x 10 -3

5.919 x 10 -3

6.763 x 10 -3

7.180 x 10 -3

8.325 x 10 -3

8.743 x 10 -3

9.889 x 10 -3

1.029 x 10 -2

1.157 x 10 -2

1.210 x 10 -2

1.332 x 10 -2

_l"/pooV 3

4.546 x 10 -5

4.312 x 10 -3

4.166 x 10 -3

3.861 × 10 -3

3.764 x 10 -3

3.685 x 10 -3

3.648 x lO-3

3.565 x 10 -3

3.545 x 10-3

3.358 x lO-3

3.314 x 10-3

3.093 x 10-3

• 3.036 x 10-3

2.849 x 10 -3

2.800 x 10 -3

2.722 × 10 -3

2.684 x 10 -3

2.607 x 10 -3

2.581 x 10 -3

2.497 x 10 -3

2.468 × 10-3

2.471 x 10 -3

2.486 x 10 -3

2.564 x 10 -3

2.632 × 10-3

2.675 x 10 -3

2.944 × 10 -3

3.248 x i0 -3

3.408 x 10 -3

3.719 × 10 -3

3.845 × 10 -3

4.147 × 10 -3

4.265 x 10 -3

4.684 x 10 -3

4.764 x 10 -3

5.148 × 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-

x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.82OO

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

O.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

y/L

0.2000

0.2000 9.898

0.2000 1.023

0.2000 1.109

0.2000 1.115

0.2000 1.199

0.2000 1.219

0.2000 1.263

0.20O0 1.296

O.2OO0 1.348

0.2000 1.344

0.2000 1.347

O.2OO0 1.333

0.2000 1.305

0.2000 1.265

0.2000 1.231

0.2000 1.176

0.2000 1.158

0.200O 1.031

0.2000 1.015

0.2000 9.775

0.20O0 9.519

0.2000 8.715

O.2000 8.343

O.20OO 7.829

O.20OO 6.854

0.2000 6.723

0.2000 6.033

0.2000 5.9O5

0.2000 5.402

0.2000 5.572

0.2000 4.870

O.20OO 4.654

0.2000 4.535

0.2000 4.158

0.2000 3.597

P/pc_V_

9.463 x 10 -2

x 10-2

x 10-1

x i0 -1

x 10-I

x 10-I

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-1

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

Tzx/P_V_

-3.6.47 x lO- 3
-2.884 x 10 -3

-2.451 × 10 -3

-7.656 × 10 -4

-5.926 × 10 -4

1.699 x 10 -3

2.718 x 10 -3

4.610 × 10 -3

6.713 x 10 -3

9.834 x 10 -3

1.155 x 10 -2

1.291 x 10 -2

1.581 x 10 -2

1.586 x 10 -2

1.761 x 10 -2

1.752 x 10 -2

1.806 × 10 -2

1.820 x 10-2

1.849 x 10-2

1.846 x 10 .2

1.871 x 10-2

1.843 x 10 .2

1.791 x 10 -2

1.733 x 10 .2

1.643 x 10-2

1.481 x 10-2

1.456 x 10-2

1.343 x 10-2

1.330 x 10-2

1.253 x 10-2

1.268 x 10.2

1.182 x 10 .2

1.152 x 10 -2

1.204 x 10 .2

1.213 x 10 .2

1.169 x 10 -2

2
Tzy / PooVoe
i.443 x 10 -2

1.571 x 10 -2

1.620 x 10 -2

1.738 x 10 -2

1.753 x 10-2

1.774 x 10-2

1.783 x 10-2

1.749 x 10-2

1.717 x 10 -2

1.566 x 10 -2

1.420 x 10 .2

1.301 x 10 -2

1.003 x 10 -2

9.496 x 10 .3

6.309 x 10 -3

5.654 x 10 -3

3.379 x 10 -3

2.774 x 10 -3

-5.988 x 10 -4

-8.435 x 10 -4

-1.669 x 10 -3

-2.025 x 10 -3

-3.498 x 10 -3

-3.933 x 10 -3

-4.482 x 10 -3

-5.377 x 10 -3

-5.446 x 10 -3

-5.963 x 10 -3

-5.760 x 10 -3

-5.945 x 10 -3

-5.746 x 10 -3

-5.889 x 10 -3

-5.948 x 10 -3

-5.971 x 10 -3

-5.886 x 10 -3

-5.712 x 10 -3

q /PooV__.
5.5_-x 10-

5.848 x 10-3

6.088 × 10-3

6.605 × 10 -3

6.630 x 10-3

7.019 × 10 -3

7.022 × 10 -3

7.135 × 10 -3

7.181 x 10 -3

7.163 x 10 -3

6.796 x 10 -3

6.619 x 10 -3

6.249 x 10-3

5.999 × 10 -3

5.481 × 10-3

5.171 × 10-3

4.637 × 10-3

4.400 × 10-3

3.667 × 10-3

3.580 x 10-3

3.371 x 10-3

3.247 x 10-3

2.842 × 10-3

2.651 x 10-3

2.320 × 10-3

1.882 × 10-3

1.811 x 10-3

1.551 x 10-3

1.498 × 10 -3

1.320 × 10 -3

1.318 × 10 -3

1.151 × 10 -3

1.096 x 10 -3

1.123 x 10 -3

1.073 x 10 -3

9.496 x 10 -4
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x/L

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.61331

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

O.6867

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y!L
0.2000

0.2000

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

plp_V 2
3-.547 X 10 -2

3A02 x 10 -2

3.191 × 10 -2

3.198 x 10 -2

3.304 x 10 -2

3.335 x 10 -2

3.510 x 10-2

3.563 x 10-2

3.847 x 10-2

3.941 x 10-2

4.282 x 10-2

4.385 x 10 -2

4.652 x 10 -2

4.728 x 10-2

5.065 x 10-2

5.151 x 10-2

5.569 × 10 -2

5.671 x 10-2

6.054 x 10-2

6.150 x 10-2

6.447 x 10-2

6.529 x 10 -2

6.811 × 10 -2

6.891 x 10 -2

7.127 x 10 -2

7.199 x 10 -2

7.412 × 10 -2

7.477 × 10 -2

7.612 x 10 -2

7.661 x 10 -2

7.712 x 10 -2

7.769 x 10 -2

7.763 x 10 -2

7.827 × 10 -2

7.824 x 10 -2

7.825 x 10 -2
I

*zx/poovL
1.168 x 10 -2

1.141 x 10-2

1.044 x 10 -2

1.032 x 10-2

9.905 × 10-3

9.771 x 10 -3

9.356 x 10-3

9.211 x 10 -3

8.285 x 10 -3

8.037 x 10 -3

6.657 x 10 -3

6.269 x 10 -3

4.735 x 10 -3

4.350 x 10 -3

3.031 × 10 -3

2.720 x 10 -3

1.863 x 10 -3

1.650 x 10 -3

1.125 x 10 -3

9.898 x 10 -4

1.766 x 10 -4

-2.146 x 10 -5

-4.899 × 10 -4

-6.220 × 10 -4

-7.552 x 10 -4

-8.224 x lO -4

-8.674 x 10 -4

-9.050 × lO -4

-9.211 x 10 -4

-9.535 × lO -4

-9.510 x 10 -4

-1.015 × 10 -3

-9.848 × lO -4

-1.277 x lO -3

-1.323 x 10 -3

-1.600 x 10 -3

"rzy/PooV L

-5.630 x 10 -3

-5.104 x 10 -3

2.112 × 10-4

2.620 × 10-4

4.826 x 10-4

5.650 × 10-4

6.153 × 10-4

6.401 x 10 -4

9.531 x 10-4

1.059 × 10-3

1.506 x 10-3

1.628 x 10-3

1.886 x 10-3

1.952 x 10-3

2.216 × 10-3

2.283 x 10-3

2.634 x 10-3

2.715 × 10-3

3.005 × 10 -3

3.076 x 10 -3

3.246 × 10 -3

3.280 x 10-3

3.435 x 10 -3

3.460 x 10-3

3.631 x 10 -3

3.665 x 10-3

3.983 x 10 -3

4.066 x 10 -3

4.160 x 10 -3

4.200 x 10 -3

4.319 × 10 -3

4.425 × 10 -3

4.595 x 10 -3

5.047 × 10 -3

5.181 x 10 -3

5.869 x 10 -3

q /poov_
9.452 x 10-4

8.841 x 10-4

4.491 x 10-3

4.471 x 10-3

4.391 x 10 -3

4.371 x 10 -3

4.500 × 10 -3

4.530 × 10 -3

4.541 x 10 -3

4.556 × 10 -3

4.264 × 10 -3

4.198 x 10 -3

3.848 × 10 -3

3.771 x 10 -3

3.682 × 10 -3

3.670 x 10 -3

3.609 x 10 -3

3.600 x 10 -3

3.407 × 10 -3

3.371 x 10 -3

3.127 x 10 -3

3.077 x 10 -3

2.857 x 10 -3

2.811 x 10 -3

2.717 x 10 -3

2.698 x 10 -3

2.614 x 10 -3

2.596 x 10 -3

2.491 x 10 -3

2.466 x 10 -3

2.467 × 10 -3

2.483 x 10 -3

2.508 x 10 -3

2.618 x 10 -3

2.652 x 10 -3

2.847 x 10 -3



x/L
0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8OOO

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

O.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

416

Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

y/L

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

O.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

P/pooV_

7.827 x 10-2

7.'855 x 10-2

7.849 x 10-2

7.922 x 10-2

7.916 x 10-2

8.103 x 10 -2

8.115 x 10 -2

8.516 x l0 -2

8.816 x 10 -2

8.948 × 10 -2

9.751 x 10 -2

9.852 x 10 -2

1.010 x 10 -1

1.090 × 10 -1

1.094 × 10 -1

1.192 × 10 -1

1.204 x 10 -1

1.273 x 10 -1

1.288 x 10 -1

1.306 x 10 -1

1.317 x 10 -1

1.310 x 10 -1

1.298 x 10 -1

1.282 x 10-1

1.252 x 10-1

1.227 × 10-1

1.170 x 10-1

1.129 x 10-1

1.104 x 10 -1

1.023 x 10-1

1.005 x 10-1

9.222 x 10-2

8.922 x 10-2

8.132 x 10 -2

7.871 x 10-2

7.434 x 10-2

_-zx/pocV 2

-1.630 x 10-3

-1.951 × 10-3

-1.935 x 10-3

-2.548 x 10-3

-2.565 x 10-3

-3.156 x 10-3

-3.I86 x 10-3

-3.611 × 10-3

-3.507 x 10-3

-3.474 x 10-3

-2.847 × 10-3

-2.525 x 10-3

-1.684 x 10-3

-6.003 × 10 -4

1.447 x 10 -4

2.238 x 10 -3

3.149 x 10 -3

6.043 x 10 -3

7.788 x 10 -3

8.871 x 10 -3

1.171 x 10 -2

1.237 x 10 -2

1.484 x 10 -2

1.535 x 10 -2

1.689 x 10 -2

1.709 x 10 -2

1.782 x 10 -2

1.825 x 10 -2

1.825 x 10 -2

1.852 x 10 -2

1.881 x 10 -2

1.825 x 10 -2

1.789 x 10 -2

1.688 × 10 -2

1.638 × 10 -2

1.568 x 10 -2

 zy/p vL
5.941 x 10 -3

7.068 x 10 -3

7.215 × 10 -3

8.511 × 10 -3

8.680 x 10 -3

1.035 x 10 -2

1.049 × 10 -2

1.176 x 10-2

1.300 x 10-2

1.350 x 10-2

1.549 × 10-2

1.572 x 10 -2

1.613 x 10-2

1.720 x 10 -2

1.731 x 10 -2

1.778 x 10 -2

1.772 x 10 -2

1.759 x 10 -2

1.681 x 10 -2

1.641 × 10 -2

1.408 × 10 -2

1.338 x 10 -2

1.097 x 10 -2

9.911 x 10 -3

7.315 × 10 -3

6.365 × 10 -3

3.837 x 10 -3

2.511 x 10 -3

1.940 x 10 -3

-1.488 × 10-4

-4.844 x 10-4

-2.324 x 10-3

-2.776 x 10-3

-4.142 × 10-3

-4.288 x 10-3

-4.906 x 10-3

4"/pooV 
2.871 × 10 -3

3.264 × 10 -3

3.306 x 10 -3

3.726 x 10 -3

3.776 x 10-3

4.273 × 10-3

4.313 × 10-3

4.603 x 10-3

4.953 x l0 -3

5.095 x 10-3

5.733 x 10-3

5.793 x 10 -3

5.917 x 10 -3

6.431 x 10 -3

6.367 x 10 -3

6.870 x 10 -3

6.872 x 10 -3

7.112 x 10 -3

6.932 x 10 -3

6.895 x 10-3

6.533 x 10-3

6.410 × 10-3

6.030 × 10-3

5.831 x 10-3

5.367 x 10-3

5.101 × 10 -3

4.522 x 10-3

4.186 × 10-3

4.050 x 10-3

3.592 x 10-3

3.458 × 10-3

3.070 x 10-3

2.896 × 10-3

2.429 × 10-3

2.290 × 10-3

2.061 × l0 -3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
tinued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.520O

0.5267

0.5333

0.54OO

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.62OO

0.6267

y/L

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2067

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2]33

0.2133

0.2133

p/pccV 2

6.906 x l0 -2

6.677 x 10 -2

6.036 x 10 -2

5.672 x 10 -2

5.549 x 10 -2

5.385 x l0 -2

4.594 x 10 -2

4.550 x 10 -2

4.074 x l0 -2

3.750 x l0 -2

3.615 x 10 -2

3.159 x 10 -2

3.201 x 10-2

3.211 x 10 -2

3.365 x 10-2

3.398 x 10-2

3.561 x 10-2

3.592 x 10 -2

3.964 x 10-2

4.040 x 10-2

4.369 x l0 -2

4.437 × 10-2

4.726 x 10-2

4.793 x 10-2

5.187 x 10-2

5.283 x 10-2

5.688 x 10-2

5.783 x 10-2

6.115 x 10-2

6.186 x 10-2

6.486 x 10-2

6.545 x 10-2

6.806 x 10-2

6.847 x 10-2

7.117 x l0 -2

7.161 x l0 -2

 zx/p v 
1.482 x 10-2

1.447 x 10 -2

1.343 x 10 -2

1.280 × 10 -2

1.298 × 10 -2

1.304 x 10 -2

1.266 × 10-2

1.266 x 10 -2

1.290 x 10-2

1.318 × 10-2

1.325 x 10-2

1.074 × 10 -2

1.036 × 10-2

1.030 x 10-2

9.874 x 10-3

9.810 × 10-3

8.865 x 10 -3

8.624 x l0 -3

7.682 × 10-3

7.436 x 10-3

5.994 x 10-3

5.640 x 10-3

4.151 x 10-3

3.773 x 10-3

2.702 x 10-3

2.459 x 10-3

1.729 x 10-3

1.575 x 10-3

9.076 x 10-4

7.473 x 10 -4

6.044 x 10 -5

-7.228 x 10-5

-3.598 x 10-4

-3.769 x 10-4

-6.227 x 10-4

-6.380 x 10-4

_-zy/p_v_
-5.082 × 10-3

-5.285 × 10-3

-5.503 × 10-3

-5.706 x 10-3

-5.663 × 10-3

-5.696 x 10-3

-6.076 x 10-3

-6.072 x 10-3

-5.659 x 10-3

-5.413 x 10 -3

-5.348 × 10 -3

-4.254 x 10-5

1.962 × 10 -4

2.332 x 10 -4

5.270 x 10 -4

5.836 x 10 -4

6.524 x 10 -4

6.672 x 10 -4

1.182 x 10 -3

1.298 x 10 -3

1.692 x 10 -3

1.790 x 10-3

1.974 × 10-3

2.032 x 10-3

2.369 x 10-3

2.463 x 10-3

2.809 × 10 -3

2.910 x 10-3

3.206 x 10 -3

3.307 x 10 -3

3.412 x 10 -3

3.465 x 10 -3

3.603 × 10 -3

3.661 x 10 -3

3.805 x 10 -3

3.861 x 10 -3

q /PocVr_

1.841 x 10 -3

1.735 × 10 -3

1.489 × 10 -3

1.338 × 10 -3

1.335 x 10 -3

1.312 × 10 -3

1.183 x 10 -3

1.176 × 10 -3

1.095 × 10 -3

1.083 x 10 -3

1.079 × 10 -3

4.479 × 10 -3

4.426 x 10 -3

4.410 × 10 -3

4.441 x 10 -3

4.453 x 10 -3

4.439 × 10 -3

4.418 x 10 -3

4.371 × 10 -3

4.329 × 10 -3

4.064 × 10-3

3.982 x 10 -3

3.726 × 10-3

3.653 x 10-3

3.663 x 10-3

3.662 × 10-3

3.530 × 10-3

3.489 × 10-3

3.303 x 10-3

3.249 × 10-3

3.004 × 10-3

2.938 × 10-3

2.782 x 10-3

2.743 x 10-3

2.674 x 10-3

2.654 × 10-3
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TableA.4: Surfacevariablesonupperplate,finegrid (con-
tinued).

y/L

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

0.2133

p/pooV 2

7.385 x 10-2

7:419 × 10-2

7.547 x 10-2

7.557 x 10-2

7.678 x 10-2

7.696 x 10-2

7.746 x 10-2

7.753 x 10-2

7.806 x 10 -2

7.815 x 10-2

7.830 x 10-2

7.840 x 10-2

7.881 x 10-2

7.907 x lO-2

7.986 x 10-2

8.108 x 10-2

8.225 x 10 -2

8.221 x 10 -2

8.716 x 10-2

8.739 x 10 -2

9.585 x 10-2

9.710 x 10 -2

1.004 x 10-1

1.073 x 10-1

1.094 x 10-1

1.144 x 10 -1

1.184 x 10 -1

1.201 x 10 -1

1.243 x 10 -1

1.255 x 10 -1

1.270 x 10 -1

1.277 x 10-1

1.264 x 10-1

1.260 x 10-1

1.230 x 10 -1

1.226 x 10 -1

Tzx/PooV 2

--6,893 x 10 -4

-6.649 x 10-4

-7.288 x 10-4

-7.002 x 10-4

-6.835 x 10-4

-6,232 x 10-4

-9,421 x 10-4

-9,961 x 10-4

-1.476 x 10 -3

-1.573 x 10-3

-1.821 x 10 -3

-1,901 x 10-3

-2.346 x 10-3

-2.523 x 10-3

-2.772 x lO -3

-3.014 x lO-3

-2.914 x 10 -3

-2.811 x 10 -3

-2.912 x 10 -3

-2.857 x 10-3

-2.154 x 10 -3

-2.042 x 10 -3

-1.096 x 10 -3

-1.761 x 10 -4

6.942 x 10-4

2.402 × 10 -3

4.141 x 10 -3

5.148 x 10 -3

7.666 x 10 -3

8.583 x 10 -3

1.081 x 10 -2

1.242 x 10-2

1.379 x 10-2

1,412 x 10 -2

1.641 x 10 -2

1.657 × 10 -2

Tzy/pocV 2

4.056 x 10 -3

4.100 x 10 -3

4.105 x 10 -3

4.091 x 10 -3

4.372 x 10 -3

4.429 x 10 -3

4.815 x 10 -3

4.889 x 10 -3

5.722 x 10 -3

5.940 x 10-3

6.961 x 10-3

7.191 x 10-3

8.249 x 10-3

8.684 x 10-3

9.696 x 10 -3

1.046 x 10 -2

1.137 x 10 -2

1.151 x 10 -2

1.332 x 10-2

1.353 x 10-2

1.537 x 10-2

1.564 x 10-2

1.632 x 10-2

1.723 x 10 -2

1.731 x 10 -2

1.764 x 10 -2

1.752 × 10 -2

1.748 x 10 -2

1.669 x 10-2

1.610 x 10 -2

1.467 x 10 -2

1.316 × 10 -2

1.176 x 10 -2

1.133 × 10 -2

7.707 × 10 -3

7.430 × 10 -3

6i" / pc_ V L

2.569 x 10-3

2.545 x 10-3

2.433 x 10-3

2.402 x 10-3

2.440 x 10-3

2.441 x 10-3

2.505 x 10-3

2.514 x 10-3

2.793 x 10-3

2.867 x 10 -3

3.216 x 10 -3

3.295× lO-3

3.631x 10-3

3.769x 10-3

4.049 x 10-3

4.263 x 10-3

4.438 x 10 -3

4.461 × 10 -3

4.966 x 10 -3

5.012 x 10 -3

5.571 × 10 -3

5.651 x 10 -3

5.832 x 10 -3

6.235 x 10 -3

6.311 x 10 -3

6.502 × 10 -3

6.603 × 10-3

6.604 × 10 -3

6.571 x 10 -3

6.514 x 10 -3

6.218 × 10 -3

6.114 x 10 -3

5.828 x 10 -3

5.731 x 10 -3

5.060 × 10-3

4.998 x 10-3



x/L
0.8733
0.8800
0.8867
0.8933
0.9000
0.9067
0.9133
0.9200
0.9267
0.9333
0.9400
0.9467
0.9533
0.9600
0.9667
0.9733
0.9800
0.9867
0.9933
1.0000
0.4667
0.4733
0.4800
0.4867
0.4933
0.5000
0.5067
0.5133
0.5200
0.5267
0.5333
0.5400
0.5467
0.5533
0.5600
0.5667
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TableA.4: Surfacevariableson upperplate, finegrid (con-
tinued)"

y/L
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2133
0.2200
0.2200
0.2200
0.220O
0.2200
0.22O0
0.2200
O.2200
0.2200
0.22OO1

0.%200
0.2200

0.2200

0.2200

0.2200

0.2200

P/p_V2 1
1.152 x 10-

1:121 x 10 -1

1.114 x 10 -1

1.020 x 10 -1

1.006 x 10 -1

9.755 x 10 -2

9.220 x 10 -2

9.080 x 10-2

8.116 x 10-2

8.055 x 10-2

7.051 x 10-2

7.104 x l0 -2

6.559 x l0 -2

5.938 x l0 -2

5.887 × 10-2

5.395 x l0 -2

5.135 x l0 -2

4.517 × 10-2

4.455 x 10 -2

3.923 x 10 -2

3.158 x 10 -2

3.191 x l0 -2

3.215 x 10 -2

3.340 x 10 -2

3.400 x l0 -2

3.520 x 10-2

3.606 x l0 -2

3.874 x 10-2

4.039 x 10-2

4.275 x 10-2

4.427 × 10-2

4.637 x 10 -2

4.786 x 10 -2

5.095 x 10 -2

5.272 x 10 -2

5.594 x l0 -2

rzx/p_V L
1,765 X 10 -2

1.797 x 10 -2

1.810 x 10 -2

1.889 x 10 -2

1.872 × 10 -2

1.862 x 10 -2

1.808 × 10 -2

1.801 x 10 -2

1.663 x 10 -2

1.655 x 10-2

1.503 x 10-2

1.514 × 10-2

1.436 x 10-2

1.388 x 10-2

1,383 x 10-2

1.423 × 10-2

1,443 x 10-2

1.454 x 10-2

1.450 x 10-2

1.414 x 10 -2

1,072 x 10 -2

1.036 x 10 -2

1.029 x 10 -2

9,947 x 10 -3

9.775 x 10 -3

9.069 x 10 -3

8.615 x 10-3

7,909 x 10 -3

7.428 x 10 -3

6.427 x 10-3

5.659 x 10-3

4.507 x 10-3

3.809 x 10-3

2,940 x 10-3

2.494 x 10-3

1.932 x 10 -3

4.063x I0-3

3.031x 10-3

2.754× 10-3

-5.524 × 10-5

-2.199 × 10-4

-9.160 x lO-4

-1.797 x 10-3

-2.026 x 10-3

-3.435 x 10-3

-3.253 x 10-3

-4.626 x 10-3

-4.278 x 10-3

-4.776 x 10-3

-5.436 x 10-3

-5.527 x 10-3

-5.546 x 10-3

-5.533 x 10-3

-5.526 x 10-3

-5.474 x lO-3

-5.174 x 10-3

-4.248 × 10 -5

1.467 x 10-4

2.271 x 10-4

4.341 x 10-4

5.658 x 10-4

6.159 x 10-4

7.065 x 10-4

1.113 x 10-3

1.306 x 10-3

1.603 x 10-3

1.761 x 10 -3

1.868 x 10 -3

2.021 x 10 -3

2.293 x 10 -3

2.457 x 10 -3

2.745 x 10 -3

_l" / pc_ VL

4,376 x 10 -3

4.110 x 10 -3

4,041 x 10 -3

3,524 x 10 -3

3.454 x 10 -3

3.285 x 10 -3

2.957 × 10 -3

2,823 x 10 -3

2.348 x 10 -3

2.282 x 10 -3

1.874 x 10 -3

'1,849 x 10 -3

.1.657 x 10 -3

1,459 x 10 -3

1,439 x 10-3

1.401 x 10 -3

1.368 x 10-3

1,244 x 10-3

1.236 x 10 -3

1,159 x 10 -3

4.469 x 10 -3

4.408 x 10 -3

4.412 x 10 -3

4.449 x 10 -3

4.455 x 10 -3

4.446 x 10 -3

4.424 x 10 -3

4.399 x 10 -3

4.334 × 10 -3

4.166 × 10-3

3.997 x 10-3

3.808 x 10-3

3.667 × 10-3

3.668 x 10-3

3.658 × 10-3

3.549 x 10-3
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x/L
0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333.

0.6409

0.6467

0.6533

O.66O0

0.6667

0.6733

0.6800

0.6867

0,6933

0,7000

0,7067

0.7133

O.720O

0.7267

0,7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

Table A.4: Surface variables on upper

tinued). , , . '

y/L

0.2200

0.2200 6.013

0.2200 6.170

0.2200 6.395

O.2200 6.530

0.2200 6.717

0.2200 6.835

0.2200 7.029

O.2200 7.146

0.2200 7.302

0.2200 7.401

0.2200 7.474

O.22OO 7.544

0.2200 7.606

0.2200 7.682

O.2200 7.706

0.2200 7.738

0.2200 "7.694

O.2200 7.694

O.220O 7.687

O.2200 7.724

0.2200 7.717

O.22O0 7.780

0,2200 7.771

0.2200 7.857

0.2200 8.098

0,2200 8.168

0.2200 8.417

0.2200 8.663

O.220O 8.799

0.2200 9.273

0.2200 9.491

0.2200 9.838

O.220O 1.009

O.2200

0.2200

p/p_V_

5.766 × 10 -_

× 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x l0 -2

x l0 -2

x 10-2

x l0 -2

x l0 -2

x 10-2

x 10-2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10-2

x 10 -2

x 10-2

x l0 -2

x l0 -2

x l0 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

× 10 -2

× 10-1

1.084 x 10-1

1.093 x 10-1

Tzx/ Poc V 2

1.599 X 10 -:_

1.065 X 10 -3

7.629 × 10 -4

2.232 × 10 -4

--3.936 × 10 -5

--2.230 × 10 -4

--3.566 × 10 -4

--5.198 × 10 -4

--6.051 X 10 -4

--5.783 X 10-4

--6.383 X 10-4

--6.343 X 10-4

--6.714 X 10-4

--5.802 × 10-4

-6.092 x 10-4

-8.006 × 10-4

-9.435 × 10 -4

-8.845 × 10 -4

-1.029 x 10-3

-1.066 x 10-3

-1.510 x 10-3

-1.599 x 10 -3

-2.096 x 10-3

-2.177 x l0 -3

-2.332 × l0 -3

-2.657 x 10 -3

-2.725 x 10 -3

-2.635 x 10 -3

-2.699 x 10-3

-2.125 x 10-3

-1.823 × 10-3

- 1.482 × 10-3

-8.659 × 10 -4

-4.280 x 10-5

1.634 × 10 -3

2.454 × 10 -3

plate, fine grid (con-

"rzy / Pcx_V_2
2.898 x 10 -3_

3.132 x 10 -3

3.296 x 10 -3

3.394 x 10 -3

3.471 x 10 -3

3.608 x l0 -3

3.674 x 10 -3

3.822 x 10 -3

3.867 x 10 -3

4.025 x 10 -3

4.089 x 10-3

4.076 x 10-3

4.097 x 10-3

4.309 × 10-3

•4.437 x 10-3

4.727 × 10-3

4.889 x 10 -3

5.180 x l0 -3

5.730 x 10 -3

5.997 x 10 -3

6.903 × 10 -3

7.192 × 10 -3

8.505 × 10 -3

8,883 x 10 -3

9.467 x 10-3

1.109 × 10 -2

1.141 x 10 -2

1.265 x 10 -2

1.340 x 10 -2

1.416 × 10 -2

1.514 x 10 -2

1,585 x 10 -2

1.631 x 10 -2

1.685 x 10 -2

1.728 × 10-2

1.729 × 10 -2

3.331 × 10-3

3.247 × 10 -3

3.039 × 10 -3

2.939 × 10 -3

2.804 × 10 -3

2.745 x 10 -3

2.690 x 10 -3

2.655 × 10 -3

2.583 x 10 -3

2.541 × 10 -3

2.437 × 10 -3

2.403 x 10-3

2.422 x 10-3

2.440 × 10 -3

2.482 × 10 -3

2.508 × 10 -3

2.568 x 10-3

2.754 x 10 -3

2.841 x 10 -3

3.157 x 10 -3

3.249 × 10 -3

3.653 × 10 -3

3.761 x 10 -3

3.910 x 10 -3

4.324 × 10 -3

4.419 × 10-3

4.716 x 10 -3

4.945 x 10 -3

5.060 × 10-3

5.361 x 10-3

5.480 x 10 -3

5.692 × 10 -3

5.835 × 10-3

6.172 x 10-3

6.145 x 10-3

!

1
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Table A.4: Surface variables on upper plate, fine grid (con-

x/L y/L

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.99331

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0..2200
P/PooV2 I

1.168 i0-
1.501 x 10-1

1.212 x 10-1

1.256 x 10-1

1.233 × 10-1

1.251 x 10-1

1.257 x 10-1

1.229 x 10-1

1.213 x 10-1

1.201 x 10-1

1.156 x 10-1

1.120 x 10-1

1.095 x 10 -1

1.093 x 10-1

1.012 x 10 -1

9.751 x 10 -2

9.182 x 10 -2

8.600 x 10-2

8.373 x 10-2

7.863 x 10-2

7.39i x l0 -2

7.317 x 10-2

6.640 x 10-2

6.591 x 10-2

5.672 x 10-2

5.590 x 10-2

5.038 x 10-2

4.669 x 10 -2

4.567 x 10 -2

3.154 x l0 -2

3.157 x 10-2

3.270 x 10-2

3.289 x 10-2

3.421 x 10-2

3.442 x 10-2

3.675 x 10-2

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0,2200

0,2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2200

0.2267

0.2267
Lu

0.2267

0.2267

6.2267

0.2267

0.2267

rzx/PooV_
¼.685 ×

6.482 × 10-3

7.471 × 10-3

1.024 x 10-2

1.023 x 10-2

1.289 x 10-2

1.362 x 10-2

1.406 x 10-2

1.547 x 10-2

1.628 × 10-2

1.703 x 10 -'2

1.776 x 10 -:2

1.797 x 102 2

1.800 x 10 _2

1.853 x 10-2

1.839 x 10-2

1.810 x 10-2

1.727 x 10-2

1.703 x l0 -2

1.621 x 10-2

1.559 x l0 -2

1.552 x 10-2

1.519 x 10-2

1.549 x 10 -2

1.522 x 10-2

1.524 x 10-2

1.544 x 10 -2

1.595 x 10-2

1.623 x 10-2

1.037 x 10-2

1.028 x 10-2

1.011 x l0 -2

1.007 x l0 -2

9.594 x 10-3

9.513 x 10-3

8.510 x l0 -3

1.738 x 10-2-

1.692 x 10-2

1.650 x 10-2

1.500 x 10-2

1.512 x 10 -2

1.261 x 10 -2

1.193 x 10 -2

1.091 x 10 -2

8.795 x 10 -3

7.615 x 10 -3

5.475 x 10 -3

3.564 x 10 -3

3.292 x 10 -3

3.290 x 10 -3

6.978 x 10 -4

-1.631 x 10 -5

-1.720 x 10 -3

-2.240 x 10 -3

-2.731 x 10 -3

-3.143 x 10 -3

-3.931 x 10 -3

-3.931 x 10-3

-4.475 x 10-3

-4.517 x 10-3

-5.29i x 10-3

-5.324 x 10-3

-5.082 x 10-3

-4.828 x 10-3

-4.720 x 10-3

2.718 x 10 -5

4.010 x 10 -5

2.147 x 10 -4

2.269 x 10 -4

4.867 x 10 -4

5.094 x 10 -4

9.273 x 10 -4

6.425 x 10-

6.427 x 10 -3

6.343 x 10 -3

6.204 x 10 -3

6.084 x 10 -3

5.837 x 10-3

5.769 x 10-3

5.399 x 10-3

5.028 x 10 -3

4.759 x 10-3

4.404 x 10 -3

4.107 x 10-3

3.939 x 10 -3

3.924 x 10 -3

3.501 x 10 -3

3.260 x 10 -3

2.876 x 10 -3

2.543 x 10 -3

2.404 x 10 -3

2.178 x 10-3

1.934 x 10-3

1.916 x 10-3

1.716 x 10-3

1.712 x lO-3

1.510 x 10-3

1.496 x 10-3

1.415 x 10-3

1.351 x 10 -3

1.335 x 10 -3

4.368 x lO -3

4.348 x lO -3

4.453 x 10 -3

4.470 x 10-3

4.473 x lO-3

4.476 x 10-3

4.481 x 10-3
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TableA.4: Surfacevariableson upperplate, fine grid (con-
timmd).

x/L y/L

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

O.6733

0.6800

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.2267

0.2267

•p/. vL
3.717 × 10-2

4:057 × 10-2

4.117 × 10 -2

4.387 x 10 -2

4.432 × 10 -2

4.779 × 10 -2

4.835 × 10 -2

5.269 × 10 -2

5.339 × 10 -2

5.690 × 10-2

5.741 x 10-2

6.117 × 10-2

6.173 × 10-2

6.479 x 10-2

6.526 × 10-2

6.796 × 10-2

6.838 × 10 -2

7.081 x 10 -2

7.117 x 10-2

7.303 x 10 -2

7.327 x 10-2

7.467 x 10 -2

7.486 x 10-2

7.593 x 10-2

7.607 x 10-2

7.653 x 10 -2

7.657 x 10 -2

7.657 × 10 -2

7.659 x 10 -2

7.683 x 10 -2

7.693 x 10 -2

7.709 x 10 -2

7.762 × 10 -2

7.777 x 10 -2

7.785 x 10 -2

7.897 x 10 -2

0.2267

0.2267

0.2267

0.2267

0.2267

0:2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

O.2267

Tzx/ Poc V 2

8.330 × 10 -3

7.459 × 10 -3

7.310 X 10 -3

5.672 X 10 -3

5.385 X 10 -3

3.808 X 10 -3

3.529 × 10 -3

2.612 × 10 -3

2.466 × 10 -3

1.643 × 10-3

1.516 × 10-3

7.261 × 10 -4

5.964 × 10 -4

1.111 × 10 -4

3.633 x 10 -5

-3.100 x 10 -4

-3.651 x 10 -4

-3,653 x 10 -4

-3.478 x 10-4

-4.862 x 10-4

-4.985 x 10 -4

-4.612 x 10 -4

-4.469 x 10 -4

-4.383 x 10 -4

-4.276 x 10-4

-6.981 × 10 -4

-7.287 x 10 -4

-8.665 x 10 -4

-8.959 x 10 -4

-1.384 x 10 -3

-1.493 x 10 -3

-21.758 x 10-3

-2.129 x 10 -3

-2.105 × 10 -3

-2.134 × 10 -3

-2.218 x 10 -3

Tzy / poo V 2

9.971 x 10 -4

1.385 x 10 -3

1.453 x 10 -3

1.583 x 10 -3

1.587 x 10 -3

1.990 x 10 -3

2.050 x 10 -3

2.473 x lO -3

2.535 x 10 -3

2.806 x 10 -3

2.835 x 10 -3

3.230 x 10-3

3.281 x 10 -3

3.523 x 10 -3

3.555 x 10 -3

3.790 x 10 -3

3.832 x 10 -3

3.921 x 10 -3

3.938 x 10 -3

4.012 x 10 -3

4.017 x 10 -3

4.179 x 10 -3

4.202 x 10-3

4.462 x lO -3

4.500 x 10-3

5.006 × 10 -3

5.083 x 10 -3

5.681 x 10 -3

5.774 x lO -3

6.817 x 10 -3

7.018 x lO -3

7.877 x 10-3

8.830 × 10-3

9.482 x 10-3

1.029 x 10 -2

1.086 x lO -2

_t" / pc_ V3_

4.488 x 10-3

4.401 x 10-3

4.396 x 10-3

4.075 × 10-3

4.028 x 10-3

3.718 × 10-3

3.668 × i0 -3

3.634 x 10-3

3.630 × 10-3

3.466 x 10 -3

3.439 x 10 -3

3.201 x 10 -3

3.159 x 10 -3

2.906 x 10 -3

2.860 x 10 -3

2.757 x 10-3

2.740 × 10 -3

2.652 x 10-3

2.639 x 10 -3

2.482 × 10 -3

2.451 x 10 -3

2.403 x 10 -3

2.392 x 10-3

2.434 x 10-3

2.440 x 10-3

2.499 × 10 -3

2.507 × 10-3

2.724 × 10 -3

2.758 × 10 -3

3.117 x 10 -3

3.191 × 10 -3

3.435 × 10-3

3.736 x 10 -3

3.846 × 10-3

3.997 × 10 -3

4.155 × 10 -3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
tinued).

x/L
0.7533

0.7600

0.7667

0.7733

0.7800i

0.7867

0.7933

0.8000

0.8067

0.8133

O.82OO

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

y/L

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

O.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0.2267

0,2267

0.2267

Q.2267

0.2267

0.2267

0.2267

0.2267

0.2267

8.052 x 10 -2

8:194 × 10 -2

8.516 x 10 -2

8.638 × 10 -2

9.255 x 10 -2

9.289 × 10 -2

1.001 x 10 -1

1.029 × l0 -1

1.060 × 10-1

1.111 x 10-1

1.118 × 10-1

1.170 x 10-1

1.183 × 10-1

1.217 × 10-1

1.192 x 10-1

1.198 x 10-1

1.228 × 10-1

1.214 × 10-1

1.193 x l0 -1

1.168 × l0 -1

1.166 x 10 -1

1.115 x 10 -1

1.100 x 10 -1

1.063 × 10 -1

1.059 x 10 -1

1.000 x 10 -1

9.902 x 10 -2

8.973 x 10-2

8.870 × 10-2

7.857 x 10-2

7.736 × i0 -2

7.218 x 10-2

6.912 x 10-2

6.591 x 10-2

5.935 × 10 -2

5.893 x 10 -2

rzx/P__
-2.309 x 10 -° 1.199 x 10 -"

-2.243 × 10 -3

-2.045 x 10 -3

-1.943 x 10 -3

-1.429 × 10-3

-9.939 x 10-4

-8.277 x 10-5

1.125 x 10-3

1.804 × 10-3

3.850 x 10 -3

4.127 × 10 -3

6.403 x 10 -3

7.647 × 10 -3

9.695 × 10 -3

9.953 x 10 -3

1.071 × 10 -2

1.355 × 10 -2

1.389 x 10-2

1.51i- × 10-2

1.592 x 10-2

1.598 × 10-2

1.751 × 10-2

1.787 × 10-2

1.873 x 10-2

1.877 x 10-2

1.854 x 10-2

1.847 × 10-2

1.750 x 10 -2

1.732 × 10 -2

1.616 x 10 -2

1.624 × 10 -2

1.615 × 10 -2

1.599 x 10 -2

1.608 x 10-2

1.678 x 10-2

1.725 x 10-2

1.247 x 10 -2

1.384 × 10 -2

1.408 × 10-2

1.549 × 10-2

1.566 × 10-2

1.676 × 10-2

1.692 x 10-2

1.721 x 10-2

1.738 x 10 -2

1.736 × 10 -2

1.686 x 10 -2

1.635 x 10 -2

1.565 x 10 -2

1.494 × 10 -2

1.425 × l0 -2

1.162 x 10 -2

1.111 × l0 -2

9.345 × l0 -3

7.888 x 10 -3

7.798 × 10 -3

4.670 x 10-3

3.936 x 10-3

2.985 × 10-3

2.866 × 10-3

1.824 × 10-3

1.597 × l0 -3

-5.804 x 10-4

-4.220 x 10-4

-2.726 × 10-3

-2.773 x 10 -3

-3.513 x 10 -3

-4.161 × 10 -3

-4.186 × 10 -3

-4.322 x 10 -3

-4.213 × 10 -3

 "/p VL
4.'_ -x lO--_

4.563 × 10 -3

4.888 x 10 -3

4.962 x 10 -3

5.355 x 10 -3

5.395 x 10 -3

5.788 × 10 -3

5.863 x 10 -3

5.985 x 10 -3

6.145 x 10 -3

6.158 × 10 -3

6.179 x 10 -3

6.112 x 10 -3

6.063 x 10 -3

5.834 x 10 -3

5.753 x 10 -3

5.458 x 10 -3

5.297 x 10 -3

4.908 x 10 -3

4.535 x 10 -3

4.498 x 10 -3

4.108 × 10 -3

4.003 x 10 -3

3.838 × 10 -3

3.813 × 10 -3

3.335 × 10 -3

3.265 x 10 -3

2.729 x 10 -3

2.658 x 10 -3

2.165 x 10 -3

2.112 x 10 -3

1.930 x 10 -3

1.811 x 10 -3

1.776 × 10 -3

1.701 x 10 -3

1.726 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-

tinued).

x/L
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

O.5867

0.5933

0.6O0O

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.6867

y/L

0.2267

0.2267

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

P/PooV_

5.578 × 10 -2

4.870 × 10 -2

3.145 x 10 -2

3.184 x 10 -2

3.255 x 10 -2

3.304 x 10 -2

3.369 x 10 -2

3.457 × 10 -2

3.550 x 10 -2

3.729 × 10-2

3.862 × 10-2

4.086 _ 10-2

4.194 .x 10-2

4.439 × 10 -2

4.603 × 10 -2

4.844 × 10-2

0.2333 5.051

0.2333 5.320

0.2333 5.495

0.2333 5.735

0.2333 5.917

0.2333 6.153

0.2333 6.299

0.2333 6.500

0.2333 6.615

0.2333 6.804

0.2333 6.904

0.2333 7.081

0.2333 7.157

0.2333 7.295

0.23a3 7.347
0.2333 7.448

0.2333 7.474

0.2333 7.564

0.2333

0.2333

x i0 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10 .2

x I0 -2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

7.558 × 10 -2

7.596 x 10 -2

_-zx/PooV_
1.713 × 10-z

1.697 × 10-2

1.053 × l0 -2

1.030 x l0 -2

1.017 × 10 -2

1.001 × 10 -2

9.776 x 10 -3

9.424 × 10 -3

9.040 × 10-3

8.423 × 10-3

8.110 × 10-3

7.309 × l0 -3

6.722 × l0 -3

5.457 × 10-3

4.740 x 10 -3

3.666 × 10 -3

3.I68 x 10 -3

2.482 x 10 -3

2.031 x 10 -3

1.499 × 10 -3

1.085 x 10 -3

6.684 x 10 -4

4.601 x 10 -4

9.914 × 10 -5

-5.188 x 10 -5

-2.802 x IO -4

-2.803 x 10-4

-3.209 x 10-4

-3.418 x 10-4

-4.028 x 10-4

-3.148 x 10-4

-3.366 × 10-4

-2.434 x 10 -4

-3.679 x 10 -4

-3.926 x 10 -4

-5.040 x 10-4

 zy/p vL
-4.210 x 10-3

-4.272 x 10-3

1.082 x 10 -4

1.306 x 10 -4

2.771 x 10 -4

3.356 x 10 -4

5.324 x 10 -4

6.713 x 10 -4

9.407 x 10 -4

1.081 x 10-3

1.265 x 10-3

1.450 x 10-3

1.535 x 10 -3

1.639 x 10 -3

1.805 × 10 -3

2.107 × 10-3

2.375 × IO-3

2.565 x 10-3

2.736 x 10 -3

2.908 × 10-3

3.150 × 10-3

3.357 × 10 -3

3.572 × 10 -3

3.641 × 10 -3

3.807 × 10 -3

3.846 × 10 -3

3.897 × 10-3

3.943 × 10-3

3.988 × 10-3

4.074 x 10-3

4.199 × 10-3

4.266 × 10 -3

4.419 × 10 -3

4.544 x 10 -3

4.749 x 10 -3

5.032 × 10-3

_t" / poo V_

1.643 × 10 -3

1.454 × 10 -3

4.369 × 10 -3

4.381 × 10 -3

4.443 x 10 -3

4.462 x 10-3

4.462 x 10 -3

4.470 × 10 -3

4.471 × 10 -3

4.475 x 10-3

4.449 × 10-3

4.368 × 10-3

4.259 × 10 -3

4.022 x 10 -3

3.869 x 10 -3

3.682 × 10-3

3.619 × 10-3

3.601 × 10-3

3.520 × 10 -3

3.426 × 10 -3

3.310 × 10-3

3.160 × 10 -3

3.040 × 10 -3

2.883 × 10 -3

2.823 × 10 -3

2.740 x 10 -3

2.688 × 10-3

2.630 × 10-3

2.557 × 10-3

2.467 × 10-3

2.439 × 10-3

2.404 × 10 -3

2.413 × 10 -3

2.423 x 10 -3

2.423 × 10 -3

2.488 × 10 -3
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0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

O.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

O.2333

O.2333

0.2333

0.2333

0.2333

0.2333

O.2333

0.2333

0.2333

O.2333

0.2333

0.2333

O.2333

0.2333

O.2333

0.2333

0.2333

0.2333

0.2333

7.567 lO-:
7.591 x 10 -2

7.568 × 10 -2

7.598 x 10 -2

7.565 x 10 -2

7.585 × 10 -2

7.587 x 10 -2

7.763 × 10 -2

7.789 x 10 -2

7.971 x 10 -2

7.949 x 10 -2

8.148 × 10 -2

8.387 x 10 -2

8.760 × 10 -2

8.788 × 10 -2

9.290 x 10 -2

9.328 x 10 -2

9.871 x 10 -2

1.002 x 10 -1

1.046 x 10 -1

1.089 x 10 -1

1.107 ×10 -1

1.137 x 10 -1

1.181 x 10 -1

1.176 × 10 -1

1.165 × 10 -1

1.186 × 10 -1

1.188 × 10 -1

1.167 x 10 -1

1.160 × 10 -1

1.138 x 10 -1

1.141 × 10 -1

1.100 x 10-1

1.065 'x' 10-1

1.010 x 10-1

9.996 x 10-2

_-zx/pooV_

- 4.i54× 10-4
-6.730 × 10-4

-7.253 × 10-4

-1.I88 x 10-3

-1.223 x 10-3

-1.421 × 10-3

-1.472 × 10-3

-2.060 × 10-3

-1.977 × 10-3

-2.125 × 10-3

-1.791 × 10 -3

-1.767 × 10 -3

-1.613 × 10 -3

-1.343 × 10 -3

-1.338 × 10 -3

-1.321 × 10 -4

7.590 × 10 -6

1.543 x 10-3

1.992 × 10-3

3.494 × 10-3

4.803 × 10 -3

6.116 x 10-3

7.320 × 10-3

9.658 x 10-3

1.012 × 10 -2

1.066 × 10-2

1.319 x 10 -2

1.348 × 10 -2

1.503 × 10 -2

1.572 × 10 -2

1.661 × 10 -2

1.676 × 10 -2

1.765 × 10-2

1.818 x 10-2

1.849 x 10-2

1.847 x 10-2

Tzy / poc V23
5.210 × 10--

5.709 × 10 -3

5.995 X 10 -3

6.795 X 10 -3

7.022 x 10 -3

8.012 × 10 -3

8.570 X 10-3

1.015 × 10 -2

1.045 X l0 -2

1.164 x l0 -2

1.191 x 10 -2

1.271 X 10-2

1.360 × 10-2

1.486 x 10-2

1.498 x 10-2

1.583 X 10-2

1.593 x 10-2

1.674 X 10-2

1.686 x 10-2

1.720 X 10-2

1.702 X 10 -2

1.677 x 10 -2

1.633 X l0 -2

1.512 x 10 -2

1.485 x 10 -2

1.464 × 10 -2

1.224 x 10 -2

1.197 x 10-2

9.477 × 10 -3

8.390 x 10 -3

7.656 × 10-3

7.764 X l0 -3

5.771 X l0 -3

4.552 X 10-3

2.375 × 10-3

2.064 x l0 -3

q /PooVe_o
2.535 × 10-3

2.698 × 10-3

2.775 × 10-3

3.048 × 10-3

3.093 × 10 -3

3.371 × 10 -3

3.504 x 10 -3

3.954 × 10 -3

4.015 x 10 -3

4.327 x 10 -3

4.362 x 10 -3

4.563 x 10:3

4.781 x 10 _3

5.104 x 10 -3

5.132 x 10 -3

5.374 x 10 -3

5.391 × 10 -3

5.610 × 10 -3

5.663 × 10 -3

5.802 × 10 -3

5.913 x 10 -3

5.886 × 10 -3

5.910 x 10 -3

5.822 × 10 -3

5.736 × 10 -3

5.612 × 10 -3

5.214 × 10 -3

5.153 × 10 -3

4.745 x 10 -3

4.568 x 10 -3

4.476 × 10 -3

4.497 × 10 -3

4.173 × 10 -3

3.904 x 10 -3

3.407 x 10 -3

3.326 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-
tinued).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

O.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

y/L

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2333

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.24O0

0.2400

0.24O0

0.2400

0.24O0

0.2400

0.24O0

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

p/p_oV 2
9.300 × 10 -2

9.'231 × 10 -2

8.871 x 10 -2

8.331 × 10 -2

8.291 x 10 -2

7.450 x 10 -2

7.473 x 10 -2

6.740 x 10-2

6.123 × 10-2

5.657 x 10-2

5.485 × 10 -2

3.133 x 10 -2

3.228 x 10 -2

3.250 x 10 -2

3.321 x 10-2

3.340 x 10 -2

3.460 × 10-2

3.489 × 10-2

3.726 x 10-2

3.781 x 10 -2

4.042 × 10 -2

4.103 x 10 -2

4.438 x 10 -2

4.513 x 10 -2

4.846 x 10 -2

4.917 x 10-2

5.291 × 10-2

5.367 x 10-2

5.717 x 10-2

5.788 x 10 -2

6.118 x 10 -2

6.186 x 10 -2

6.450 x 10-2

6.507 x 10-2

6.744 x 10-2

6.791 x 10-2

1.769 x 10 -2

1.731 x 10 -2

1.700 × 10 -2

1.700 x 10 -2

1.711 × 10 -2

1.786 x 10 -2

1.778 × 10 -2

1.781 × 10 -2

1.852 x 10 -2

1.869 x 10-2

1.064 ×10 -2

1.028 × 10 -2

1.022 x 10 -2

9.941 × 10 -3

9.890 × 10 -3

9.372 × 10 -3

9.276 x 10-3

8.563 x 10-3

8.416 x 10-3

7.422 × 10 -3

7.206 × 10-3

5.560 × 10 -3

5.203 x 10 -3

3.801 × 10-3

3.514 x 10 -3

2.485 x 10 -3

2.278 x 10-3

1.460 × 10-3

1.288 x 10-3

7.992 × 10 -4

6.901 x 10 -4

1.967 x 10 -4

8.814 x 10-5

-1.699 x 10 -4

-2.355 × 10-4

 zy/p v 
8.125 x 10 -4

5.936 x 10 -4

1.938 x 10 -5

-1.298 x 10 -3

-1.393 x 10 -3

-2.603 x 10 -3

-2.250 x 10 -3

-2.921 x 10-3

-3.540 x 10-3

-3.216 x 10-3

-3.236 x 10-3

1.774 x 10 -4

2.880 x 10 -4

3.288 x 10 -4

5.002 x 10 .4

5.546 x 10 -4

8.850 x 10.4

9.660 x 10.4

1.175 x 10 -3

1.223 x 10 -3

1.462 x 10 -3

1.515 x 10-3

1.664 x 10 -3

1.694 x 10 -3

2.232 x 10.3

2.336 x 10 -3

2.627 x 10 -3

2.688 x 10 -3

3.029 x 10 -3

3.097 x 10 .3

3.537 x 10 -3

3.625 x 10 -3

3.795 x 10-3

3.836 x 10 -3

3.875 x 10 -3

3.880 x 10 -3

2.882 x 10-3

2.830 x 10 -3

2.664 x 10-3

2.346 x 10-3

2.328 x 10.3

2.106 x 10 -3

2.194 x 10 -3

2.000 x 10-3

1.834 x 10-3

1.748 x 10 -3

1.708 x 10 -3

4.355 x 10-3

4.431 x 10-3

4.447 x 10-3

4.450 x 10-3

4.455 x 10-3

4.461 x 10 -3

4.466 x 10 -3

4.474 x l0 -3

4.475 x 10 -3

4.366 x 10 -3

4.346 x 10 -3

4.015 x 10-3

3.943 x l0 -3

3.657 x 10 -3

3.600 x 10 -3

3.570 x l0 -3

3.560 x l0 -3

3.413 x 10-3

3.386 x 10-3

3.165 x 10-3

3.126 x 10 -3

2.903 x l0 -3

2.863 x l0 -3

2.736 x 10-3

2.712 x 10 -3



TableA.4: Surfacevariableson upperplate,finegrid (con-
' tinued).

x/L y/L

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

0.6800

0.68671

0.6933

0.7000 I

0.7067 I

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.2400

0.2400

0.2400

0.2400_

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.:2400

0.24001

0.2400

0.2400

0.2400

0.2400

0.2400

0.240O

0.2400

0.2400

O.24O0

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

6.2400

0.2400

0.2400

2

P/Pc_V_2__

063 × 10-2

241 x 10-2

278 × 10 -2

376 x 10-2

398 x 10-2

491 x 10-2

512 x 10-2

523 x 10 -2

530 × 10-2

527 x 10-2

531 x 10-2

537 x 10-2

547 x 10-2

525 x 10 -2

534 x l0 -2

563 x 10-2

555 x 10 -2

600 x 10 -2

782 x 10 -2

794 x 10 -2

995 x 10 -2

140 × 10 -2

504 x 10-2

800 × 10-2

178 x 10-2

658 x 10-2

787 x 10-2

032 × l0 -1

037 x 10-1

095 x 10-1

086 x 10-1

068 x 10-1

134 x 10 -1

157 x 10 -1

144 x 10 -1

Tzx/Pc_V_

--2.435 X 10 -4

--2.588 X 10 -4

--2.331 X 10 -4

--2.322 X 10 -4

--t.056 X 10 -4

--9.450 × 10 -5

--2.235 X 10 -4

--2.559 X 10 -4

--2.099 X 10 -4

--2.120 X 10 -4

--4.442 × 10 -4

--5.032 X 10 -4

--1.016 X 10 -3

--1.166 X 10 -3

--1.215 × 10 -3

--1.306 X 10 -3

--1.353 x 10-3

--1.332 X 10 -3

--1.386 X 10 -3

--1.502 X 10 -3

--1.476 X 10 -3

--1.262 X 10 -3

--1.200 X 10 -3

--7.498 X 10 -4

--2.754 X 10 -4

1.798 X 10 -4

1.402 X 10 -3

1.789 × 10 -3

3.328 X 10 -3

3.829 X 10 -3

5.886 × 10 -3

6.462 X 10-3

6.717 X 10 -3

9.433 X 10 -3

1.033 X 10 -2

1-139 X 10 -2

Tzy/p_V_

3.953 X 10-5

3.955 × 10-3

4.187 X i0 -3

4.215 X 10-3

4.373 × 10-3

4.394 X 10-3

4.589 × 10-3

4.628 X 10-3

4.955 × 10 -3

5.014 × 10 -3

5.618 × 10 -3

5.723 × 10 -3

6.670 × l0 -3

6.889 X 10 -3

7.856 X 10 -3

8.216 X l0 -3

8.850 X l0 -3

9.681 X 10 -3

1.001 X 10 -2

1.157 X 10 -2

1.165 X 10-2

1.292 X 10-2

1.335 X 10-2

1.444 X 10-2

1.504 X 10-2

1.580 X 10-2

1.657 X 10 -2

1.676 × l0 -2

1.719 X l0 -2

1.712 X 10 -2

1.681 X 10 -2

1.677 X 10 -2

1.689 × 10 -2

1.552 X 10 -2

1.499 X 10 -2

1.435 X 10 -2

_t" /Pc_V_

2.623 x 10-3

2.607 x 10-3

2.482 × 10-3

2.459 × 10-3

2.413 x 10-3

2.403 x 10-3

2.382 x 10-3

2.375 x 10-3

2.447 × 10-3

2.460 x 10-3

2.631 x 10-3

.2.664 x 10-3

•2.968 × 10-3

3.045 x 10-3

3.290 x 10 -3

3.395 x 10 -3

3.542 × 10 -3

3.730 x 10 -3

3.820 × 10 -3

4.239 x l0 -3

4.254 x 10 -3

4.528 × 10 -3

4.646 x 10 -3

4.931 x 10 -3

5.098 x 10 -3

5.313 x 10 -3

5.513 x 10-3

5.569 x 10 -3

5.747 × 10-3

5.765 x 10 -3

5.863 x l0 -3

5.832 × l0 -3

5.799 x 10 -3

5.680 × 10 -3

5.633 x l0 -3

5.441 × 10 -3
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x/L
0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

Table A.4: Surface variables on upper plate, fine grid (con-

'tinued).
-in _,. -

y/L

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.240O

0.2400

0.2400

0.2400

0.2400

0.2400

O.2400

0.2400

0.2400

0.2400

0.2400

0.2400

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

o 2467
0.2467

0.2467

0:'2467

012467

0.2467

P/PooV_
1.154 x 10-1

1.140 x 10 -1"

1.138 x 10 -1

1.135 x 10 -1

1.137 x 10 -1

1.107 x 10 -1

1.098 x lO -1

1.066 x lO -1

1.030 x 10 -1

9.771 x 10 -2

9.441 x 10 -2

9.219 x 10 -2

8.594 x 10 -2

8.379 x 10 -2

7.962 x 10 -2

7.541 x 10-2

7.363 x 10 -2

6.704 x 10-2

6.573 x 10-2

5.744 x 10-2

3.125 x lO-2

3.146 x 10 -2

3.208 x 10 -2

3.214 x 10 -2

3.311 x 10 -2

3.335 x 10 -2

3.487 x 10 -2

3.533 x 10 -2

3.747 x 10 -2

3.803 x 10 -2

4.116 x 10 -2

4.215 x 10 -2

4.487 x 10 -2

4.568 x lO -2

4.879 x 10 -2

4.978 x 10 -2

_'zx/pooV_

1.257 x 10-2

1.361 × 10-2

1.378 x 10 -2

1.581 x 10 -2

1.656 x 10 -2

1.711 x 10 -2

1..742 x 10 -2

1.761 x 10 -2

1.769 x 10 -2

1.764 x 10 -2

1.760 x 10 -2

1.752 x 10 -2

1.721 x 10 -2

1.718 x lO -2

1.794 x lO-2

1.798 x 10-2

1.895 x 10-2

1.938 x 10-2

1.9i2 × 10 -2

1.907 x 10 -2

1.063 x 10 -2

1.057 x 10 -2

1.021 × 10 -2

1.007 x 10 -2

9.751 x 10 -3

9.585 × 10 -3

9.230 x 10 -3

9.090 x 10 -3

8.416 x 10 -3

8.194 x 10 -3

7.082 x 10 -3

6.694 x 10 -3

5.281 x 10 -3

4.841 x 10 -3

3.601 x 10 -3

3.185 × 10 -3

Tzy / poc V _

1.319 x 10 -2

1.258 x 10 -2

1.237 x 10 -2

9.437 x 10-3

8.237 x 10-3

7.968 x 10-3

7.987 x 10-3

6.459 x 10-3

5.241 x 10 -3

3.262 x 10 -3

2.021 x 10 -3

1.810 x "10-3

--2.654 x 10 -4

--9.323 x 10 -4

--9.366 X 10 -4

--2.098 x 10 -3

--1.329 x 10 -3

--1.958 x 10-3

--1.997 x 10-3

--2.460 x 10-3

1.109 x 10 -4

8.947 × 10 -5

2.259 x 10-4

2.420 x 10-4

5.821 x 10-4

7.080 x 10-4

9.928 x 10-4

1.092 x 10-3

1.255 x 10-3

1.323 x 10-3

1.504 x 10 -3

1.564 x 10-3

1.853 x 10-3

1.992 x 10 -3

2.324 x 10-3

2.434 x 10 -3

(:1"I P_o V a

5.254 × 10-°fi3--

5.069 x 10-3

5.032 x 10-3

4.660 x 10 -3

4.530 x 10-3

4.336 x 10 -3

4.262 x 10 -3

3.953 x 10 -3

3.607 x 10 -3

3.232 × 10-3

3.005 x 10-3

2.891 x 10-3

2.510 x l0 -3

2.394 x 10-3

2.379 × 10-3

2.225 x 10-3

2.292 x 10-3

2.109 x 10-3

2.067 x 10-3

1.798 × 10-3

4.372 × 10-3

4.394 x 10 -3

4.409 x 10 -3

4.400 x 10 -3

4.416 x 10 -3

4.409 x 10 -3

4.476 x 10 -3

4.496 × 10 -3

4.442 x 10 -3

4.415 x 10-3

4.305 x 10-3

4.248 x 10 -3

3.899 x 10 -3

3.774 x 10 -3

3.652 x 10 -3

3.622 x 10-3
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0.5733
0.5800

0.5867

0.5933

0.6000

0.6067

0.6133

0.6200

0.6267

0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

O.680O

0.6867

0.6933

0.7000

0.7067

0.7133

0.7200

O.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8O67

Table A.4: Surface variables on upper plate, fine grid (con-

o1246 
0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.24.67,

0.2467

0.24(i7"

0.2467

0.2467

P / PooV__
lO-

5._20 x 10-2

5.739 x 10-2

5.833 x 10-2

6.111 x 10 -2

6.182 x 10 -2

6.439 x l0 -2

6.505 x l0 -2

6.741 x 10 -2

6.804 x 10 -2

6.992 x 10 -2

7.032 x 10 -2

7.199 x 10 -2

7.229 x 10 -2

7.331 x 10 =2

7.342 x 10-2

7.425 x 10-2

7.419 x 10-2

7.453 x 10-2

7.436 x 10-2

7.444 x l0 -2

7.416 x l0 -2

7.431 x 10-2

7.404 x 10-2

7.433 x 10-2

7.422 x 10-2

7.539 x 10 -2

7.559 x 10 -2

7.635 x 10 -2

7.583 x 10 -2

7.946 x 10-2

7.988 x 10 -2

8.305 x 10-2

8.335 x 10-2

8.709 x l0 -2

8.772 x l0 -2

_'zx/PooV_

2..364 x 10 -3

2.096 × 10 -3

1.515 x 10-3

1.391 x 10 -3

8.248 × 10 -4

6.878 x 10-4

2.955 x 10-4

2.373 × 10 -4

-2.895 x 10-5

-4.197 x l0 -5

-1.568 × l0 -4

-1.496 x l0 -4

2.659 × l0 -5

1.579 × 10 -4

2.089 × 10 -5

2.741 × l0 -5

8.992 × l0 -6

1.014 x 10 -4

1.306 x 10 -5

5.636 x 10-5

-2.975 x 10 -4

-3.441 × 10 -4

-6.569 x 10 -4

-6.216 x 10 -4

-8.240 x 10-4

-7.871 × l0 -4

-1.269 × l0 -3

-1.260 × 10-3

-1.189 × 10-3

-1.058 × l0 -3

-1.220 × 10 -3

-1.129 × 10 -3

-4.971 x 10 -4

-_,.44o X lO-4

4.171 x 10 -4

5.579 x 10 -4

Tz;/Po0 v2
2.724 io-%--
2.845 x 10-3

3.199 × 10-3

3.369 x 10-3

3.622 x 10-3

3.707 × 10-3

3.841 x 10 -3

3.884 x 10 -3

3.956 x 10 -3

4.007 x 10 -3

4.144 × 10 -3

4.263 x 10 -3

4.367 x 10 -3

4.457 x 10 -3

4.405 x 10 -3

4.416 x 10 -3

4.597 x 10 -3

4.665 × 10 -3

5.060 x 10-3

5.233 x 10-3

5.776 x 10-3

6.006 x 10-3

6.698 x 10-3

6.908 × 10-3

7.686 x 10-3

7.853 x 10-3

9.523 x 10 -3

9.841 x 10 -3

1.108 x 10 -2

1.122 x 10 -2

1.279 x 10 -2

1.298 × 10 -2

1.413 x 10 -2

1.422 × 10 -2

1.550 x 10-2

1.561 x 10 -2

q IPcx_lO-
3.504 x 10 -3

3.364 x 10 -3

3.300 x 10 -3

3.093 x 10 -3

3.009 × 10 -3

2.873 x 10 -3

2.824 × l0 -3

2.717 × 10 -3

2.679 x 10-3

2.608 x 10-3

2.5_0 × l0 -3

2.488 x 10-3

2.469 x 10-3

2.401 x 10-3

2.379 × 10-3

2.364 x 10-3

2.359 x 10-3

2.430 x 10 -3

2.451 × 10 -3

2.610 x 10 -3

2.652 × 10 -3

2.899 × l0 -3

2.944 x l0 -3

3.172 × 10 -3

3.203 x 10 -3

3.682 x 10 -3

3.760 x 10 -3

4.051 x 10 -3

4.046 x 10 -3

4.485 x 10-3

4.528 x 10-3

4.809 x l0 -3

4.831 × l0 -3

5.100 x l0 -3

5.132 x 10 -3
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TableA.4: Surfacevariableson upperplate, finegrid (con-
ti'nU:gd).

x/L
0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

y/L

0.2467

0.2467

0.2467

0.2467

0.2467

O.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467

0.2467 7.035 x

0.2467 6.482 x

0.2467 6.212 ×

0.2533 3.114 x

0.2533 ,3-136 x
0.2533 3.186 x

0.2533 3.199 x

0.25-33 " 3.290 ×

0.2533 3.319 x

0.2533 3.466 x

p/pooV2_

9.156 × 10 -2

9;337 × 10 -2

9.787 × 10 -2

9.877 x 10 -2

1.050 × 10-1

1.061 x 10-1

1.070 x 10-1

1.076 x 10-1

1.113 x 10 -1

1.114 x 10 -I

1.135 × 10 -1

1.134 x 10 -1

1.122 × 10 -1

1.123 × 10 -1

1.106 x 10 -1

1.095 × 10 -1

1.054 x 10-1

1.042 x l0 -1

1.011 x 10-1

9.987 x 10 -2

9.479 × 10 -2

9.425 × 10 -2

8.826 x 10-2

8.776 x 10 -2

8.160 x l0 -2

8.120 x 10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

10-2

%x/Pc_V
_Q

1.801x 10-3

2.180× 10-3

3.673x 10-3

3.903x 10-3

6.138 x 10-3

6.544 x 10-3

8.070 × 10-3

8.526x 10-3

1.081x 10-2

I.I00x 10-2

1.341x 10-2

1.361x 10-2

1.493x 10-2

1.513x 10-2

1.614x lO-2

1.726x 10-2

1.736x 10-2

1.761x 10-2

1.743x 10-2

1.744x 10-2

1.770x lO-2

1.775x 10-2

1.809x 10-2

1.827x 10-2

1.984x 10-2

2.023x 10-2

1.978x 10-2

1.991x 10-2

1.992× 10-2

1.063× 10-2

1.061x 10-2

1.021x 10-2

1.009x 10-2

9:7'23 × 10-3

9.608 × 10-3

9.285 × 10 -3

7zy / Pcc V 2

1.668 × 10 -2

1.675 x l0 -2

1.712 x l0 -2

1.708 x 10-2

1.696 x 10-2

1.699 x 10-2

1.702 x 10-2

1.692 × 10-2

1.546 × 10 -2

1.523 x 10 -2

1.290 x 10 -2

1.269 x 10 -2

1.I68 x 10 -2

1.163 x 10-2

9.776 × 10-3

8.126 × l0 -3

6.791 × l0 -3

6.010 x 10-3

5.579 x l0 -3

5.309 × 10 -3

3.184 x 10 -3

2.915 x 10-3

1.747 x 10-3

1.721 × l0 -3

7.502 x 10-4

7.881 x 10 -4

-7.534 x 10-4

-7.017 x 10 -4

-7.804 x 10 -4

9.143 x 10-5

6.159 × 10-5

1.793 x 10-4

2.026 x 10 -4

5.645 × 10 -4

6.883 × 10 -4

9.693x 10-4

_t" /Pc_V_

5.372 x 10-3

5.438x lO-3

5.680× 10-3

5.687x 10-3

5.768x 10-3

5.797x 10-3

5.717 x 10-3

5.696 x 10-3

5.505 x 10-3

5.464 x 10-3

5.097x lO-3

5.06ix 10-3

4.845x 10-3

4.837× 10-3

4.522× 10-3

4.257 x 10-3

3.855× 10-3

3.684 x 10-3

3.509 x lO-3

3.424x 10-3

3.063x 10-3

3.022x 10-3

2.743x 10-3

2.725x ]0-3

2.675× 10-3

2.699 x 10-3

2.285× 10-3

2.079x 10-3

1.962 x 10-3

4.364 x 10-3

4.390 x 10 -3

4.387 x 10 -3

4.392 x 10 -3

4.391 x 10 -3

4.402 x 10 -3

4.475 x 10 -3
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TableA.4: Surfacevariablesonupperplate, finegrid (con-
tintied).

x/L
0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733i

0.5800

0.5867

0.5933

0.6000[
0.6067I

0.6133

0.6200

0.6267

0.6333 I

0.64001

0.64671

0.6533

0.660O

0.6667

0.6733

0.6800

0.6867

0.6933

O.7OOO

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

O.7467

y/L

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533!

0.2533i

0.2533

0.2533

0.2533

0.2533

0.2533

O.2533

0.2533

O.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

P/pooV_

 .5i7 x lO-2
3.709 × 10-2

3.783 x 10-2

4.081 x 10-2

4.196 x 10-2

4.439 × 10-2

4.541 x 10-2

4.831 × 10-2

4.938 x 10-2

5.262 × 10-2

5.378 x 10-2

5.685 x 10-2

5.794 × 10-2

6.047 x 10-2

6.145 x 10-2

6.377 × 10-2

6.471 x 10-2

6.687 x 10-2

6.775 x 10-2

6.936 x 10 -2

7.003 x lO-2

7.141 x 10 -2

7.206 x 10 -2

7.277 x 10 -2

7.319 x 10 -2

7.373 x 10 -2

7.402 × 10 -2

7.407 x 10-2

7.421 × 10 -2

7.396 x 10-2

7.400 x 10-2

7.380 x 10-2

7.388 x 10-2

7.388 x 10-2

7.394 x 10-2

7.359 × 10-2

__×lPooV 2--.....

9.139. x._10 -3

8.515 x 10 -3

8.260 x 10 -3

7.221 × 10 -3

6.791 x 10 -3

5.535 × l0 -3

4.954 x l0 -3

3.788 x 10 -3

3.280 x l0 -3

2.503 x 10 -3

2.182 x l0 -3

1.692 x 10-3

1.479 x 10-3

9.406 x 10-4

7.534 × 10-4

4.397 x 10-4

2.955 x 10-4

1.048 x 10-4

-7.595 × 10-6

-6.305 × 10-5

-1.374 x 10-4

1.585 x 10 -4

2.044 × 10 -4

9.999 x 10 -5

6.127 x l0 -5

1.517 × 10 -4

1.556 × 10 -4

1.419 × l0 -4

1.376 x 10 -4

-1.561 x 10 -4

-2.631 × 10 -4

-4.375 x 10 -4

-5.428 x 10 -4

'-6.196 x 10 -4

-6.673 x l0 -4

-6.030 × 10 -4

- ! "lit

Tzy / p oc V_
1.081 × 10-3

1.218 x 10-3

1.309 X lO-3

1.469 × 10-3

1.555 X 10-3

1.875 × 10-3

1.978 × 10-3

2.322 x 10-3

2.411 × 10-3

2.733 × 10-3

2.819 X 10-3

3.221 × 10-3

3.352 × 10-3

3.625 X 10 -3

3.699 × 10 -3

3.849 × 10 -3

3.886 × 10 -3

3.999 x 10 -3

4.015 x 10 -3

4.235 × lO -3

4.278 X 10 -3

4.427 X lO-3

4.472 × 10-3

4.395 X 10-3

4.390 x 10-3

4.563 × 10-3

4.616 × 10-3

5.039 × 10-3

5.173 × 10-3

5.724 × 10-3

5.923 x 10-3

6.558 x 10-3

6.788 x 10-3

7.466 x 10-3

7.617 × 10-3

8.112 × I0-3

_,, Ip_V'3_ --

4.497 × 10-3

4.431 × 10-3

4.420 × 10 -3

4.325 x 10 -3

4.268 x 10 -3

3.939 x 10-3

3.788 x 10-3

3.693 × 10-3

3.632 x 10-3

3.540 × 10-3

3.._16 x 10-3

3.(_66 x 10-3

3.318 x 10-3

3.691 x 10-3

3.021 x 10-3

2.893 x 10-3

2.837 × 10-3

2.737 x 10-3

2.688 x 10-3

2.624 x 10-3

2.593 × 10-3

2.505 x 10 -3

2.477 × 10 -3

2.405 x 10 -3

2.379 x 10 -3

2.358 × 10 -3

2.345 × 10 -3

2.407 x 10 -3

2.423 × 10 -3

2.566 × 10 -3

2.612 x 10 -3

2.828 × 10 -3

2.901 x 10 -3

3.084 × 10 -3

3.126 × 10-3

3.248 × 10-3
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x/L
0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.80001

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067

0.9133

0.9200

0.9267

0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

O.980O

0.9867

Table A.4: Surface variables on upper plate, fine grid (con-

[inued).

y/L

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0,2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

0.2533

P/PooV_

7.382 x 10 -2

7.405 x 10-2

7.556 × 10-2

7.550 x 10-2

7.638 x 10-2

7.768 x 10-2

7.985 x 10-2

8.314 x 10-2

8.487 x 10-2

8.964 × 10-2

9.027 x 10-2

9.546 x 10-i_

9.578 x 10-2

9.568 x 10 -2

1.000 x l0 -1

1.039 x 10 -1

1.058 x 10 -1

1.062 x 10 -1

1.069 x 10 -1

1.065 x 10 -1

1.078 x 10 -1

1.086 x 10 -1

1.107 x 10-1

1.074 x l0 -1

1.063 x 10-1

1.054 x 10-1

1.034 x 10-1

1.011 x 10-l

9.976 x 10-2

9.679 x 10-2

9.427 x 10-2

9.122 x l0 -2

8.798 x l0 -2

8.545 x l0 -2

8.082 x 10-2

7.537 x l0 -2

7zx/p_V_

-6.543 × 10 -4

-6.812 x 10 -4

-9.972 x 10 -4

-7.449 x 10 -4

-5.990 x 10 -4

-5.094 x 10 -4

-1.153 x 10 -4

2.413 x 10 -4

7.358 x 10 -4

1.613 x 10 -3

2.087 × 10 -3

3.320 × 10-3.

3.718 x 10 -3

4.339 × 10 -3

6.002 x 10 -3

7.442 x 10 -3

8.166 × 10 -3

9.304 x 10 -3

1.030 x 10 -2

1.089 x 10 -2

1.226 × 10 -2

1.322 x 10 -2

1.464 × 10 -2

1.418 × 10 -2

1.525 × 10 -2

1.564 x 10 -2

1.673 × 10 -2

1.672 x 10 -2

1.730 x 10 -2

1.723 × 10 -2

1.762 x 10 -2

1.788 x 10 -2

1.849 x 10 -2

1.980 x 10-2

2.026 x 10-2

2.086 x 10-2

 ,y/pooVl
9.245 x 10-5

9.773 x 10 -3

1.110 x 10 -2

1.118 x 10 -2

1.215 x 10 -2

1.266 x 10 -2

1.382 x 10 -2

1.468 x 10 -2

1.528 x 10-2

1.631 x 10-2

1.637 x 10-2

1.686 x l0 -2

1.688 x 10-2

1.680 x 10-2

1.695 x 10-2

1.711 x 10-2

1.707 × 10 -2

1.621 x 10 -2

1.578 x 10 -2

1.543 × 10 -2

1.428 × 10 -2

1.349 x 10 -2

1.204 x 10-2

1.224 x 10 -2

1.071 × 10 -2

1.005 x 10-2

7.577 x 10-3

7.117 x 10-3

5.684 x 10-3

5.325 x l0 -3

3.848 x l0 -3

3.844 x 10-3

2.394 x l0 -3

3.051 x l0 -3

1.543 x l0 -3

1.938 x l0 -3

q /Pc_Voo
3.537 x 10 -3

3.667 x 10 -3

4.010 x 10 -3

4.021 x 10-3

4.219 x 10-3

4.351 x 10-3

4.609 x 10-3

4.844 x 10 -3

4.986 x 10 -3

5.266 x 10 -3

5:304 x 10 -3

5 559x lO-3
51'543 x 10-3

5_475 x 10-3

5.568 x 10 -3

5.644 x 10-3

5.668 x 10-3

5.494 x 10-3

5.396 x 10-3

5.288 x 10-3

5.074 x 10 -3

4.952 x 10 -3

4.807 x 10 -3

4.633 x 10 -3

4.323 x 10-3

4.147 x 10 -3

3.800 x 10 -3

3.642 x 10 -3

3.447 × 10 -3

3.283 x 10 -3

3.083 x 10 -3

2.976 x 10 -3

2.812 x 10 -3

2.928 x 10 -3

2.735 x 10 -3

2.622 x 10 -3
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o

x/i
0.9933

1.0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.5200

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

O.580O

0.5867

0.5933

0.6000

0.6067

0.6133i

0.62001

0.6267

0.6333

0.6400

0.6467

O.65331

0.6600

0.6667

0.6733

0.68OO

0.6867

Table A.4: Surface variables on upper plate, fine grid (con-

• tinued).
v

y/L p/pooV 2

0.2533 7.397 × 10-

0.2533 6.503

0.2600 3.044

0.2600 3.138

0.2600 3.158

0.2600 3.211

0.2600 3.224

0.2600 3.346

0.2600 3.376

0.2600 3.532

0.2600 3.565

0.26OO 3.829

0.26OO 3.888

0.2600 4.180

0.2600 4.240

0.26OO 4.541

0.2600 4.603

0.26O0 4.914

0.2600 4.980

0.2600 5.352

0.26OO 5.434

0.2600 5.728

0.2600 5.786

0.26OO 6.065

0.2600 6.118

0.2600 6.395

0.2600 6.449

0.2600 6.7O2

0.2600 6.748

0.2600 6.899

0.26001 6.916

0.2600 7.105

0.2600 7.129

01_600 7.230

0.2600 7.240

0.2600 7.306

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10_2

x 10.-2

x 10-2

x i0 -2

x 10-2

x 10-2

x 10-2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10 -2

x 10 -2

x 10 -2

x 10-2

x 10 -2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10-2

x 10.2

,,x;;g%
; io

2.042 x 10-2

1.057 x 10-2

1.047 x 10-2

1.042 x 10-2

9.980 x 10-3

9.876 x 10-3

9.674 x 10.3

9.645 x 10-3

9.112 x 10.3

9.008 x 10.3

8.159 x 10-3

7.985 x 10-3

6.987 x 10 .3

6.817 x 10 .3

5.307 x 10 .3

5.045 x 10 .3

3.596 x 10 -3

3.325 x 10 -3

2.489 x 10 -3

2.357 x 10 -3

1.528 x 10 -3

1.349 x 10 -3

9.681 x 10-4

9.132 x 10-4

5.620 x 10-4

5.299 x 10-4

2.893 x 10-4

2.889 x 10-4

2.272 x lO-4

2.625 x 10-4

2.286 x 10-4

2.257 x lO-4

• 2.823 x 10-4

3.194 x 10-4

2.189 x 10-4

Tzy / poo Voc
1.714 x 10-3

4.034 x 10-4

1.907 x 10-4

1.344 x 10-4

1.298 x 10-4

2.584 x 10.4

2.822 x 10-4

6.851 x 10-4

7.682 x 10.4

9.455 x 10 .4

9.661 x 10 .4

1.226 x 10 -3

1.266 x 10-3

1.679 x 10 .3

1:777 x 10 -3

2.129 x 10 -3

2.220 x 10 -3

2.552 x 10 -3

2.644 x 10 -3

2.891 x 10 -3

2.954 x 10 .3

3.430 x 10-3

3.548 × 10-3

3.758 x 10-3

3.813 × 10-3

4.006 x 10-3

4.069 × 10-3

4.236 x lO-3

4.310 x 10-3

4.351 x 10-3

4.375 x 10-3

4.363 x 10-3

4.349 x 10 -3

4.402 x 10 -3

4.406 x 10 -3

4.648 x 10 -3

2.194 x 10 -3

4.227 x 10 -3

4.341 x 10 -3

4.358 x 10 -3

4.334 x 10 -3

4.318 x 10 -3

4.430 x 10 -3

4.459 x 10 -3

4.413 x 10 -3

4.395 x 10 -3

4r.447 x 10-3

41.464 x 10 -3

4.289 x 10 -3

4.261 x 10 -3

3.946 x 10 -3

3.897 x 10 -3

3.611 × 10 -3

3.547 x 10 -3

3.481 x 10 -3

3.464 x 10 -3

3.258 x 10 -3

3.204 x 10 -3

3.072 x 10 -3

3.051 × 10 -3

2.906 x 10 -3

2.889 x 10 -3

2.740 × 10 -3

2.720 × 10 -3

2.594 x 10 -3

2.570 x 10 -3

2.481 x 10 -3

2.465 x 10 -3

2.412 x 10 -3

2.405 x 10 -3

2.361 x 10-3
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Table A.4: Surface vaxiables on upper plate, fine grid (con-

timmd).

x/L y/L

0.6933

0.7000

0.7067

0.7133

0.7200

0.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

0.8600

0.8667

0.8733

0.8800

0.8867

0.8933

0.9000

0.9067
- ,., .

0.9133 0.2600

0.9200 0.2600

0.9267 0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.260O

O.26OO

0.2600

0.2600

O.26O0

0.2600

0.2600

0.2600

0.2600

0.2600

O.26OO

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600

0.2600
0.2600

0.2600

p/pc_V 2

7.307 x 1_ -L2

7:328 x 10 -2

7.321 x 10 -2

7.305 × 10 -2

7.288 x 10 -2

7.291 × 10 -2

7.278 x 10 -2

7.288 x 10 -2

7.280 x 10 -2

7.328 x 10 -2

7.343 x 10 -2

7.404 x 10 -2

7.411 _ 10 -2

7.583 x 10.2

7.614 x 10 .2

7.846 x 10.2

7.884 x 10.2

8.172 x 10-2

8.241 x 10-2

8.625 x 10.2

8.673 x 10-2

9.244 x 10-2

9.287 x 10-2

9.595 x 10-2

9.676 x 10-2

9.999 x 10-2

1.004 x 10-1

1.042 x 10-1

1.048 x 10-1

1.055 x 10-1

1.062x I0-I

1.060x i0-I

1.064x I0-l

1.053x I0-l

1.056x I0-I

1.023x i0-I

 zx/p %
2.064 x 10 -4

2.383 x 10 -4

2.579 x 10 .4

8.393 x 10 -5

9.545 x 10 -5

-2.096 x 10 -6

4.701 x 10 -5

-3.493 x 10 -4

-3.779 x 10-4

-4.974 x 10 -4

-5.454 x 10 -4

-5.078 x 10 -4

-4.950 x 10-4

-5.455 x 10-4

-4.944 x 10-4

-4.585 x 10-5

5.047 x 10 -5

7.389 x 10 -4

9.0_65 x 10 -4

2.000 x 10 -3

2.112 x lO -3

3.635 x 10 -3

3.744 x 10 -3

5.422 x 10 -3

5.699 x 10 -3

7.515 x 10 -3

7.751 x 10 -3

1.000 x 10 -2

1.031 x 10 -2

1.166 x 10 -2

i.199 x 10 -2

1.329 x 10 -2

1.372 x 10 -2

1.469 x 10 -2

1.519 x 10 -2

1.557 x 10 -2

rzy / poe V 2

4.694 X 10-3

5.060 x 10-3

5.117 x 10-3

5.734 x 10-3

5.831 x 10 -3

6.439 x 10-3

6.511 x 10 -3

7.530 x 10 -3

7.657 x 10 -3

8.967 x 10 -3

9.297 x 10 -3

1.039 x 10 -2

1.055 x 10 -2

1.202 x 10 -2

1.224 x 10 -2

1.367 x 10 -2

1.380 x 10 -2

1.490 x 10 -2

1.501 x 10 -2

1.585 x 10 -2

1.590 x 10 -2

1.666 x lO -2

1.672 x lO -2

1.695 x 10 -2

1.705 x lO -2

1.692 x lO -2

1.694 x lO -2

1.613 x lO-2

1.606 x lO-2

1.497 x lO-2

1.482 x lO-2

1.318 x lO-2

1.279 x lO-2

1.149 x lO -2

1.101 x lO-2

9.638 x lO-3

_t" / p_ V_

2.354 × 10 -3

2.405 x 10 -3

2.413 x 10 -3

2.566 x 10 -3

2.590 x 10 -3

2.776 x 10 -3

2.797 × 10 -3

3.076 x 10-3

3.110 x 10 -3

3.450 x 10 -3

3.540 × 10 -3

3.810 × 10 -3

3.853 x 10 -3

4.171 x 10 -3

4.218 x 10 -3

4.532 x 10 -3

4.562 x 10 -3

4.835 x 10 -3

4.868 x 10 -3

5.129 x 10 -3

5.142 x 10 -3

5.363 x 10 -3

5.385 x 10 -3

5.436 × 10 -3

5.469 × 10 -3

5.451 x 10 -3

5.455 x 10 -3

5.345 x 10 -3

5.343 x 10 -3

5.066 x 10 -3

5.043 x 10 -3

4.716 x 10 -3

4.646 x 10 -3

4.329 x 10 -3

4.244 x 10 -3

3.938 x 10 -3
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Table A.4: Surface variables on upper plate, fine grid (con-

, timmd).

x/L
0.9333

0.9400

0.9467

0.9533

0.9600

0.9667

0.9733

0.9800

0.9867

0.9933

1,0000

0.4667

0.4733

0.4800

0.4867

0.4933

0.5000

0.5067

0.5133

0.52O0

0.5267

0.5333

0.5400

0.5467

0.5533

0.5600

0.5667

0.5733

0.5800

0.5867

0.5933

0.6000

0.6067

0.6133i

0.6200

0.6267]

y/L

0.2600

0.2600 ×

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2600 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x

0.2667 x
0.2667 x

0.2667 x

(}.2667 J x

0.2667 x

0.2667 x

P/Poc V2 _

1.019 x 10 -]

9.'899 10 -2

9.857 10 -2

9.463 10 -2

9.389 10-2

8.954 10 -2

8,803 10 -2

8.396 10-2

7.708 10-2

7.180 10-2

7.013 10-2

3.050 10-2

3.117 10-2

3.154 l0 -2

3.187 l0 -2

3.226 l0 -2

3.309 10-2

3.376 l0 -2

3.477 10-2

3.571 10-2

3.731 10-2

3.883 10-2

4.050 10-2

4.232 10 -2

4.412 10 -2

4.598 10-2

4.795 10 -2

4.973 l0 -2

5.212 l0 -2

5.414 l0 -2

5.595 l0 -2

5.767 l0 -2

5.932 l0 -2

6.097 l0 -2

6.253 10-2

6.426 10-2

_zx/pooV 2

1.575× 1o-%
1.649 x 10 -2

1.667 x 10 -2

1.730 x 10 -2

1.752 x 10-2

1.897 x 10 -2

1.985 x 10-2

2.019 x 10-2

2.086 x 10 -2

2.134 x 10-.2

2.152 × 10-2

1.061 x 10-2

1.054 x 10-2

1.038 x 10-2

1.001 x 10-2

9.871 x 10-3

9.715 x 10-3

9.622 x 10-3

9.281 x 10-3

8.971 x 10-3

8.420 x l0 -3

7.985 x 10-3

7.422 x l0 -3

6.802 x 10-3

5.928 x l0 -3

5.034 × l0 -3

4.047 x 10 -3

3.352 x 10 -3

2.757 x 10 -3

2.365 x 10 -3

1.814 x 10 -3

1.402 x 10 -3

1.182 x 10-3

9.390 × 10-4

7.300 x 10-4

5.428 x 10-4

.... 2

_-zy/PooV_

9.310 x 10-3

7.822x 10-3

7.626x 10-3

6.118 x 10-3

5.756 x 10-3

5.026 x 10-3

4.638 x lO-3

4.125 x 10-3

2.984 x 10-3

2.858 x 10-3

2.873 x lO-3

1.889x 10-4

1.559x lO-4

1.582x 10-4

2.925x 10-4

3.166x 10-4

6.013x 10-4

7.495x 10-4

8.408x 10-4

9.672x lO-4

1.129x 10-3

1.292x 10-3

1.571x 10-3

1.792x 10-3

2.048x 10-3

2.249x 10-3

2.521x 10-3

2.655x 10-3

2.852x lO-3

2.980x lO-3

3.341x lO-3

3.550x 10-3

3.740x 10-3

3.830x lO-3

4.002 x 10-3

4.069 x 10-3

31869 x 10-

3.554 × 10 -3

3.493 × 10 -3

3.232 x 10 -3

3.166 x 10 -3

3.129 x 10 -3

3.113 × 10 -3

3.016 x 10 -3

2.785 × 10 -3

2.680 x 10 -3

2.652 x 10 -3

4.234 x 10 -3

4.298 x 10 -3

4.351 × 10 -3

4.342 x 10 -3

4.324 x 10 -3

4.389 x 10 -3

4.444 × 10 -3

4.411 × 10 -3

4.399 x 10 -3

4.427 x 10-3

4.447 x 10-3

4.355 x 10-3

4.263 x 10-3

4.105 x 10-3

3.889 x l0 -3

3.663 x 10 -3

3.547 x 10 -3

3.474 x l0 -3

3.449 x 10 -3

3.298 x 10 -3

3,205 x 10 -3

3.110 x 10 -3

3.046 x 10 -3

2.936 x 10 -3

2.879 x 10 -3



x/L
0.6333

0.6400

0.6467

0.6533

0.6600

0.6667

0.6733

O.680O

0.6867

0.6933

0.7000

0.7067

0.7133

O.7200

O.7267

0.7333

0.7400

0.7467

0.7533

0.7600

0.7667

0.7733

0.7800

0.7867

0.7933

0.8000

0.8067

0.8133

0.8200

0.8267

0.8333

0.8400

0.8467

0.8533

O.86OO

0.8667
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Table A.4: surface variables oll upper plate, fine grid (con-

tinued).

y/L

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0J2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

O.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

0.2667

o 667
O.2667

0.2667

p/pocV 2

6.568 x 10 -2

6.720 x 10 -2

6.787 x 10 -2

6.896 x 10 -2

6.971 x 10 -2

7.097 x 10 -2

7.150 × 10 -2

7.221 × 10 -2

7.244 x 10 -2

7.289 x 10 -2

7.279 x 10 -2

7.305 × 10-2

7.271 x 10 -2

7.275 x 10 -2

7.251 × 10 -2

7.261 x 10 -2

7.225 x 10 -2

7.238 x 10 -2

7.190 x 10 -2

7.221 x 10 -2

7.201 x 10 -2

7.291 x 10 -2

7.263 x 10-2

7.382 x 10-2

7.423 x 10-2

7.631 x 10-2

7.743 x lO-2

7.944 × lO-2

8.119 x lO-2

8.357 x lO-2

8.445 x lO-2

8.858 x 10-2

8.800 x 10-2

9.258 x 10 -2

9.200 x 10-2

9.625 x 10-2

_-zx/Pc_V2_

3.864 × 10 -4

3.113 x 10 -4

3.126 x 10-4

2.966 x 10-4

3.440 x 10-4

-2.762 x 10 -4

3.499 x 10 -4

3.365 x lO -4

3.060 × lO -4

2.459 x 10 -4

3.300 x 10 -4

2.956 x 10 -4

2.740 x 10 -4

1.726 x 10 -4

2.532 x 10 -4

1.070 x 10 -4

1.584 x 10 -5

-1.727 x 10-4

1.995 x 10 -5

-1.087 x 10-4

-2.211 x 10-5

-1.892 x 10-4

-7.091 x 10-5

-1.206 x 10-4

-4.869 x 10-5

3.069 × 10-4

5.512 × 10-4

1.011 × 10 -3

1.453 x 10 -3

2.019 x 10 -3

2.467 x 10 -3

3.551 x 10 -3

4.029 x 10 -3

5.321 x 10 -3

5.788 x 10 -3

7.222 x 10 -3

2
Tzy/p_Vcc _
4.182 × 10 -3

4.291 x 10 -3

4.312 x 10 -3

4.366 x 10-3

4.363 x 10-3

4.374 x 10-3

4.434 x 10-3

4.433 x lO-3

4.619 × 10-3

4.695 x 10-3

4.927 x 10 -3

5.106 x 10-3

5.498 x 10 -3

5.782 x 10 -3

6.114 x 10 -3

6.448 x 10 -3

6.862 x 10 -3

7.481 × 10 -3

7.676 x 10 -3

8.689 x 10 -3

9.000 x 10-3

1.014 x 10-2

1.042 x 10-2

1.162 x 10-2

1.206 x lO-2

1.309 x lO-2

1.358 x 10-2

1.430 × 10-2

1.475 x 10-2

1.536 x 10-2

1.556 x 10-2

1.621 x 10-2

1.618 × lO-2

1.662 x 10-2

1.650 x 10-2

1.662 x 10-2

_t" / P_ooV_____
2.760 x 10-

2.715 × 10-3

2.632 × 10 -3

2.573 x 10-3

2.522 x 10-3

2.474 x 10 -3

2.441 × 10 -3

2.406 x 10 -3

2.369 x 10 -3

2.353 x 10 -3

2.374 x 10 -3

2.408 x 10-3

2.495 × 10-3

2.571 x 10 -3

2.660 x 10-3

2.769 x 10 -3

2.863 × 10-3

3.037 × 10-3

3.054 x 10-3

3.319 x 10-3

3.380 × 10-3

3.675 x 10 -3

3.699 × 10 -3

3.962 x 10 -3

4.051 × 10 -3

4.316 x 10 -3

4.435 × 10 -3

4.587 × 10 -3

4.710 x 10 -3

4.866 x 10 -3

4.878 x lO -3

5.115 x lO-3

5.052 x lO -3

5.230 x lO-3

5.143 x lO-3

5.239 x lO -3
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TableA.4: Surfacevariablesonupperplate,finegrid (con-
tinued).

-- r

x/L y/L

9.8733 0.2667

0.8800 0.2667

0.8867 0.2667

0.8933 0.2667

0.9000 0.2667

0.9067 0.2667

0.9133 0.2667

0.9200 0.2667

0.9267 0.2667

0.9333 0.2667

0.9400 0.2667

0.9467 0.2667

0.9533 0.2667

0.9600 0.2667

0.9667 0.2667

0.9733 0.2667

0.9800 0.2667

0.9867 0.2667

0.9933 0.2667

1.0000 0.2667

P / Poc V 2_m2_
9.518×io=
9.892 x 10-'_

9.756 x 10-2

1.010 x 10-1

9.930 × 10-2

1.017 x 10-1

1.002 x 10-1

1.013 × 10-1

9.940 x 10 -2

9.943 x 10-2

9.749 x l0 -2

9.674 x 10-2

9.481 x 10-2

9.272 x 10-2

9.058 x 10-2

8.820 x 10-2

8.293 × 10-2

8.221 x 10-2

7.836 x 10-2

7.142 x 10-2

rzx/pooV z

9.196 x 10-3

9.392 x 10-3

1.080 × 10-2

1.078 x 10-2

1.231 × 10-2

1.227 x 10-2

1.372 × 10-2

1.365 × 10-2

1.483 x 10-2

1.473 x 10-2

1.592 x 10-2

1.595 x 10-2

1.732 x 10-2

1.791 x 10-2

1.908 x 10-2

2.069 x 10-2

2.101 x 10-2

2.136 x l0 -2

2.199 x 10-2

1.63(_ x 10.2

1.595 x 10-2

1.565 x 10-2

1.501 x 10-2

1.475 x 10 .2

1.364 x 10.2

1.355 x 10.2

1.217 x 10 .2

1.207 x 10 .2

1.036x I0-2

1.033x IO-2

8.715x 10-3

8.802x 10-3

7.141 x 10 -3

7.819 x 10 -3

6.145 x 10 -3

6.160 x 10 -3

6.320 x 10 -3

5.512 x 10 -3

4.017 × 10 -3

l!
5.107 x 10-"

5.102 x 10 -3

4.957 x 10 -3

4.888 x 10 -3

4.740 x 10-3

4.573 x 10 -3

4.446 x 10 -3

4.231 x 10 -3

4.113 x 10-3

3.897 x 10-3

3.801 x 10-3

3.559 x 10-3

3.497 x 10-3

3.324 x 10-3

3.415 x 10-3

3.252 x 10-3

3.269 x 10-3

3.299 x 10 -3

3.150 x 10 -3

2.873 x 10 -3

T


